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HE Association was organized in Boston, Mass., on June 21, 1882, with the object 
of providing its members with means of s»cial intercourse and for the exchange of 
knowledge pertaining to the construction and management of water works. From an 
original membership of only Twenty-seven, ite growth has prospered until now it in- 
cludes the names of cver 900 men. Its membership is divided into six classes, viz.: 
A Member shall be an oficer or employee of a public or private water works, an engineer, chemist or other 
person qualified to aid or interested in the advancement of knowledge relative to water works, 
An Honorary Member shall be « person of acknowledged eminence in some branch of water supply or of 
ae poe be rot less than eighteen years nor more than twenty-five years of age, a student or connected 
with water supply work. 


An Associate shall be either a person, firm or corporation engaged in facturing or furnishing materials 
or stipplies for the construction or maintenance of water works. 
A Corporate Member shall be either a Water Board, C ission, Company or Municipal Corporation. 
The initiation fees and annual dues are as follows: 
Initiation Fees Annual Dues 
Members 3.00 Members $ 6.00 
Juniors 1.00 Juniors 3.00 
A i 10.00 A iat 20.00 
Corporate Memb 10.00 Corporate Memb 10.00 


This Association has at least eight regular meetings each year, of which five are held in 
Boston, one in northern New England, one in southern New England, and one, the annual 
convention, held in September cr October on such dete as the Executive Committee may 
designate, 
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IN 5O YEARS Lock Joint 
Company has developed and pro- 
duced concrete pressure pipe for 
countless water works installations 
throughout the world. Today, at 
any given second of the day or night, 
these pipes are transporting better 
than a billion gallons of water — or 
more than 580 times as much water 
as is flowing over Niagara Falls. 
This is the measure of the tre- 


mendous contribution Lock Joint 


Pibe has made, during a half century, 
toward meeting one of civilization’s 
greatest problems — water supply. 
You may be sure that every re- 
source of skill, experience and re- 
search at our command is now at 
work on the answers to the even 
greater problems we must meet in 
the next 50 years! 


580 times more water — 
than flows over 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, N. J. 

Sales Offices: Chicago, Ill. « Columbia, S.C. - Denver, Col. 

Detroit, Mich. « Hartford, Conn. » Kansas City, Mo. 
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The Rockwell -Ring 
Stuffing Box Assembly 


ENLARGED DETAIL 


PATENT PENDING 


Stops Leaks, Binds, 
Troubles, Expense 


The Greatest Single Advance In 
Water Meter Construction In Years 


Here’s another outstanding development from Rockwell Research. 
It’s a sure cure for all the headaches that go with meter stuffing 
box maintenance. Perfected four years ago, this Rockwell “‘O”- 
Ring Stuffing Box assembly has now been thoroughly field tested. 
It won’t leak; can’t bind! Meters with this construction run more 
freely, stay accurate longer. Worn spindles are a thing of the past. 

Now all Rockwell water meters make use of this exclusive 
“Q”’-Ring design upon which patent application has been made. 
There’s no extra cost for this construction, but a lot of extra 
satisfaction and value. Ask your Rockwell representative to 
demonstrate. And be sure to inquire about the use of “O’’-Ring 
stuffing box nuts as interchangeable replacements for stuffing box 
assemblies in earlier model Rockwell meters. 


ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH 8, PA. Atlanta Boston Charlotte Chicago Dallas Denver 
Houston Los Angeles Midland, Texas. New Orleans New York N. Kansas 
City Philadelphia Pittsburgh San Francisco Seattle Shreveport Tulsa. In 
Canada: Rockwell Manufacturing Company of Canada, Ltd., Toronto, Ontario 
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e are ready for 


with our new, ultra-modern wARREN-SPUN pipe shop now being erected in Phillipsburg, N.J. 


4. GRINDERS 
2. PIPE SPINNERS 5. TAR DIP TANK 


6. HYDRAULIC TESTERS 


7. CEMENT LINING MACHINE 
8. MECHANICAL JOINT DRILLS 
9. MATERIAL STORAGE 


100 years ago— WARREN was founded in Phillipsburg, New Jersey, 
dedicated to manufacturing a quality cast iron pipe for transfer of 
water to a growing nation. For the next 75 years pit-cast pipe in all 


sizes and in 12-foot laying length served as the industry standard. In WA re a4 E RE 


fact, even in this atomic age, pit-cast pipe has no peer in larger sizes FOUNDRY & PIPE CORPORATION 
up to 84” in diameter. $5 Liberty Street, New York 5S, N. Y. 


Today—to meet the even greater demand of our rapidly expanding 
nation, WARREN manufactures in Everett, Massachusetts, modern- 
ized cast iron pipe, centrifugally cast in sand-lined molds. Also, cur- 
rently under construction is a deLavaud pipe shop to produce cast 
iron pipe centrifugally-spun in metal molds in 18- and 20-foot lengths. 


That 73 utilities are still using cast iron pipe installed over 100 years 
ago is proof of high quality and dependability of cast iron pipe. 


Producers of 
Prr-Cast SaNp-SPUN Pire 
DELAvAUD Pipe + Pressure Pire 
Fittincs SPECIAL CASTINGS 
MAGNETITE IRON OrE * CRUSHED STONE 
& 


= MODERNIZED cast iron pipe, centrifugally cast, is stronger, tougher, = 
more uniform in quality and therefore more efficient, making it the 
world’s most dependable pipe. 


Only Warren, in the United States, casts pressure pipe by the pit-cast, ee 
sand-spun, and deLavaud processes—thus assuring you the right pipe 
for your particular need. 
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HE A. P. SMITH MANUFACTURING CO. 


produces, 2 FIRE HYDRANTS A. W. W. A. Specification 


and High Pressure — Compression Type — Dry and Wet Barrel 


Types. é GATE VALVES sizes 2” thru 66", Manual, Hydraulic 
Cylinder, Electric Motor Operated for Low, Medium and High Pres- 


sure Service. Si INSERTING VALVES sizes 4” thru 48” for 


inserting under pressure. a TAPPING SLEEVE AND VALVES 


sizes 4" x 2" thru 60" x 48” for branch connections under pressure. 
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Water utilities that find vitrified or con- 
crete tile expensive or difficult to obtain, 
may now make their own barrels for 
outside meter settings with Ford Sing!- 
use Fiberforms which are inexpensive and 
easy to use. Forms made for 15", 18" and 
20" 1D barrels ond in lengths of 15", 18" 
and 24". Use two for deep settings. Send 
for full information. 


FOR BETTER WATER SERVICES 


THE FORD METER BOX COMPANY, INC. Wabash, Indiana 


. Large illus- 


tration 
shows Singl- 
use Fiber- 
form ready 
to be filled. 


. Filling plate 


end collar 
simplify 
pouring 
concrete in- 
to form. 


. Completed 


meter box 
barrel. 


. Meter box 


with cover 
in place. 
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CONCRETE METER BOX BARRELS 
Stugl-use 


In Two Sections 


Sliding Type 


The Three “Bigs” in Buying 
1. Standardization 
2. Dependability 
3. Quick Delivery 


LISHED 
'S45 


BINGHAM & TAYLOR 


CORPORATION 


Genuine Buffalo Cast Iron 
Service. Valve. Roadway and Meter Boxes 


Manhole Frames and Covers 
CULPEPER, VIRGINIA 
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SPECIFY MATHEWS for 
DEPENDABLE PROTECTION 


You need ask only two questions 
about fire hydrants: 


Will they be ready for instant use in an emergency? 


Mathews Hydrants are so simply and sonndly 
constructed that they are always ready. 
Water, ice and sandy deposits cannot reach 
key parts to rust or freeze, or clog operation. 
In any weather and all temperatures, 
Mathews Hydrants function with a minimum 
of maintenance. 


Can the hydrant be quickly replaced if broken in 
a traffic accident ? 

When you have Mathews Hydrants on the 
job, neighborhood fire protection can suffer 
only momentary interruption. A _ broken 
Mathews Hydrant can be replaced with a 


new barrel in less than half an hour, and 
without excavating. 


R. D. WOOD 
COMPANY 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manufacturers Pipe Icentrifugal 


f "Sand-Spun’ ally cost in 
sond m 


. Stuffing box plate, cast 
i ntegral with nozzle sec- 
tion, provides a posi- 
tively leakproof con- 
struction. It prevents 
any water or sand from 
reaching the operating 
thread. No rusting, 
freezing or clogging. No 
wear on thread through 
sand abrasion. 


ds) and R.D. Wood Gate Valves 


Main valve, true compression type, 
opens against and closes with water 
pressure. The higher the pressure, 
the tighter the valve. When hydrant 
is broken in traffic accident, there’s 
no leakage with consequent dan- 
gerous loss of pressure. 


Available for mechanical 
joint connections 
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CUT-IN SLEEVE AND VALVE 
GIVES ADDED CONTROL 


at low Cost / 


You can add needed control valves on 4”, 6”, 8”, 10” and 12” cast 
iron mains quickly, easily and at low cost with the Mueller Cut-In 
Sleeve and Valve. 


Both the sleeve and valve are equipped with mechanical joint to 
give permanent connections in a minimum of time. A Cut-In Sleeve 
and Valve of a nominal size will fit all classes of pipe in that size 
range, by using a specific type of end gasket. A variety of types 
of end gaskets are available for all classes of pipe. 

The Mueller Cut-in Valve is available with conventional packing 
or“O” ring stem seals. The exclusive Mueller four-point disc wedg- 
ing mechanism exerts seating pressure near the perimeter of the 
discs — prevents disc deflection and assures positive shut-offs. 
Consult your Mueller W-96 Catalog, your Mueller Representative, 
or write direct for complete information. 


MUELLER CO. 


Dependable Since 1857 


MAIN OFFICE & FACTORY DECATUR, ILLINOIS 
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this could happen in your town 


THIS CITY STREET CAVED IN when — tuberculation and interior 
a water main broke. It’s a corrosion are permanently checked 
dramatic, but not an unusual _... . carrying capacity and 
example of what water does to distribution pressure are increased 
road bedding. to “better than new” highs. And 
Protect your roads and pipes from _ the whole process is done with 
the problems of leakage by _ pipes in place . . . no excavation 
Centrilining. This patented. . . no traffic disruption. 
process thoroughly cleans and With Centrilining you can save 
centrifugally lines pipes with your water mains . . . and 
cement mortar. Leakage, * streets too. 


Write today for free booklet 


CEMENT-MORTAR LININGS FOR PIPES IN PLACE 


3,500,000 FEET (jeter) OF EXPERIENCE 


CENTRILINE CORPORATION 


A subsidiary of Raymond Concrete Pile Co. 
140 CEDAR STREET, NEW YORK 6, N. Y. 


Branch Offices in Principal Cities of United States and Latin America 
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ANOTHER 
FAIRBANKS-MORSE 


F-M Equipment at the New M.D.C. Newton Street Pumping Station, Brookline 


The three Fairbanks, Morse Diesel Engine Driven Pumps pictured above 
are capable of delivering 4.10 Mgd under present operating conditions into 
the system of the M.D.C. and the town of Brookline. 

Under future conditions, following completion of the Commission’s pro- 
posed water system lines, the pumps will deliver water at the rate of 5.10 Mgd 
into the M.D.C.’s Southern Extra-High service lines and into the Bellevue Hill 
Reservoir. 

The design and supervision of this new station for the Water Division of the 
Metropolitan District Commission was by Coffin & Richardson, consulting 
engineers of Boston. 

The 10” x 12” Fairbanks, Morse Figure 5813 Pumps are each driven by a 
Fairbanks, Morse Model 31A61, Diesel Engine. 

A trained Fairbanks, Morse Engineer is on hand to help solve YOUR pump- 
ing problems. 

Write or telephone to: 


FAIRBANKS, MORSE & CO. 
178 Atlantic Avenue Boston 10, Massachusetts 
Telephone: LAfayette 3-3600 
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Builders AWWA Standard 
Butterfly Valves, Engineered 
specifically for water works 
service. 


The New England Sales Office of B-I-F Industries 
offers you the most complete line of water works 
equipment: PROPORTIONEERS feeding and pro- 
portioning equipment for solutions — OMEGA 
volumetric and gravimetric feeders for dry and 
fluid materials — BUILDERS equipment for re- 
cording, indicating, and controlling . . . and for 
chlorination. We welcome the opportunity to 
serve you. B-I-F INDUSTRIES, INC., 291 
Washington Street, Islington, Mass. Tel.: 
DEdham 3-5690. 


Products 


HENRY M. MAUTNER 
Manager 


JOHN M.D. SUESMAN 


GERALD H. LAMPREY 


RUDOLPH H. GRUNER 


LORRIN S. BRICE, JR. 


FRANK A. SHAW 


ROBERT F. KELSEY 


JULES E. BANVILLE 


Yip 
Your source for 
| 
| 
v 
| 
| INDUSTRIES 
CONTROLS 
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CITY OF BROCKTON — SILVER LAKE STATION 


Shown above are two 400 HP motor driven pumping sets each con- 
sisting of two single stage pumps in series with overhead cross-over 
piping. The unit design conditions are 4500 G.P.M. against 300 Ft. 
T.D.H. The firm of Hayden, Harding and Buchanan prepared the 


plans and specifications and supervised the installation of all the 
equipment. 


TURBINE EQUIPMENT COMPANY OF 
NEW ENGLAND 


80 Federal Street Phone LIberty 2-5993 Boston 10, Mass. 


New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 


TRENTON, NEW JERSEY 
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Worcester, Muss.—Ellipsoidal roof type, 
1,500,000 gallons capacity. 


PITTSBURGH - DES MOINES 


The advantages of strength, simplicity, and economy 
of construction make Pittsburgh-Des Moines Steel 
Reservoirs your outstanding choice for water storage 

where elevated sites are available. 
Durable for a lifetime, guaranteed in design, work- 
: manship and material, P-DM Steel Reservoirs are 
Liberty, N.Y.—Flat roof type, 300,000 built in flat-, dome-, or ellipsoidal-roof types, un- 
gallons capacity. ornamented, or with pilasters and other architectural 
features as specified. Write for our latest descriptive 

Steel Reservoir Bulletin. 


St. Paul, Minn.—Ellipsoidal roof type, 
2,000,000 gallons capacity. 


™ Low Cost # 
OW erricient water STORAGE 
Ve a, a 
& 
PITTSBURGH DES MOINES STEEL CO 


BIG valve.. 


The disc in this 84-in. low pressure 
Butterfly Valve must withstand 138,000 
Ibs. of force when closed against a 25 
P.S.l. line pressure ... yet the face to 
face dimension is only 18 in. and the 
entire valve weighs just 12,000 Ibs. 
Even under this severe loading Pratt 
design keeps the bearing pressure well 
below 2500 P.S.I. 


Pratt Rubber Seat Butterfly Valves 
care manufactured in sizes from 10 in. 
to 168 in. in diameter, in pressure rat- 
ings up to 125 P.S.. Their low initial 


cost, easy installation and proven low 
maintenance make them the logical solu- 
tion to valving problems, both for new 
projects and as replacements. 


WRITE FOR FULL DATA: 
HIGH PRESSURE VALVES, 
BULLE 


LOW PRESSURE VALVES, 
BULLETIN 18 


TIN 48 


“UNDERSTANDING THE 
BUTTERFLY VALVE", BULLETIN 28 


RUBBER SEAT 


Butterfly Valves 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill, Representatives in principal cities 
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Each is guaranteed for 


M SCOPE PIPE FINDER 


FURNACE 


 ~PIPE LINE EQUIPMENT 


if it's from POLLARD . . . It’s the Best in Pipe Line Equipment 


POLLARD NEW HYDE PARK » NEW YORK 


1064 Peoples Ges Building, Chicago, Illinois 


333 Candler Building, Atlanta, Georgie 


PIPE LINE EQUIPMENT 
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How the consolidation 
of two great valve companies 
can help you 


In January, 1955, two great valve companies consolidated their resources. 
They had been neighbors in Troy, New York and friendly competitors 
for two thirds of a Century. The names remain the same but Rensselaer 
became a Division of The Ludlow Valve Manufacturing Company— 
All now under one management in one plant, with unit responsibility 
to its customers. 


‘THE BEST IN DESIGN 


You, the Water Works Executives ar~ the final judges. You have cast your 
ballots in the form of extensive purchases over the last half century. In many 
cases the result is obvious, but your opinions on A.W.W.A. valves and 
hydrants vary. Therefor bot! lines will be continued and any Representative 
of the combined companies can show you the characteristics of each. In the 
meantime our search for ever-better valves goes on. 


THE BEST IN PRODUCTION } 


The production facilities of the combined Companies have been consolidated 
and at-the same time are being greatly expanded. Only the newest, most 
modern equipment has been retained. Hundreds of thousands of dollars 
worth of new equipment is expanding the capacity and giving even greater 
assurance of our ability to serve. This means insurance for you, more local 
stocks to draw on, and shorter deliveries on heavy equipment. This all means 
lower inventories for you. 


UDLOW 


VALVE MFG. CO., INC. troy,N.¥. 


THE 
7-4 
iDLOW GATE VALVES + FIRE HYDRANTS + SQUARE BOTTOM VALVES =" 
“CHECK VALVES + TAPPING SLEEVES + AIR RELEASE VALVES” 
bs 


Since 


1885. 


THE BEST IN EXPERIENCE 


The combined Companies have had experienced engineers in the field in 
oo every State of the Union for a total of 165 years of service. These men have 
helped you, you have helped them, and in turn they have helped many others. 
The results of this close contact over a long period have been reported back 


and catalogued to become an up-to-date “Encyclopedia” for the Water 
Works field. 


THE BEST IN SALES EWGINEERING 


Sales Engineering in the field backed by the extensive fund of knowledge 
in the home office is the art of locating the right product in the right place 
at the right time, with the lowest possible cost and installation time. In most 
cases an error in the original selection can cost far more in digging, flooding 
or stoppages, than the original equipment. In other cases, the sales engineer 
may make important savings in the installation cost. 


AND THE TRADITIONS GO ON 


The names, Ludlow and Rensselaer mean the same today that they have 
during your lifetime. The desire to serve the Water Works Field in person 
—in research and design and in prompt delivery of original equipment 
and spare parts for all products has not changed. On the other hand, our 
ability to serve has at least doubled. 


We shall appreciate the opportunity to explain in person what all of 
. this means to you. 


Bulletins available on all 
equipment, replacement ports 
and accessories. 


VALVE CO. TROY, NEW YORK 
DIVISION OF 


THE LUDLOW VALVE GATE VALVES « FIRE RANTS ae 
MANUFACTURING CO., INC. CHECK VALVES + TAPPING SLEEVE Al AS L 
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TRIDENT 


Pa hree problems that give meter superintend- 


ents gray hairs . .. noisy meters, broken 
discs and premature failures . . . have as their 
primary causes turbulence, interference, and im- 
proper motion of the disc piston. Here’s how Trident 


meter’s “balanced design” eliminates these faults: 


The Trident disc is axially controlled. The thrust 
roller... a Neptune “first” . . . guides the disc in 
the exact path necessary for smooth, balanced flow 
of the water. No sloppy or eccentric motion to 
cause noise, disc breakage or excessive wear. Inlet 


NEPTUNE METER COMPANY 
19 West 50th Street © New York 20, N. Y 


NEPTUNE METERS, LTD. 
1430 Lokeshore Rood © Toronto M4, Ontario 


Bronch Offices in Principol 
Americon ond Conedicn Cities 


and outlet ports, and the casing itself are core- 
fully designed for smooth, uninterrupted flow of 
water. There is no turbulence caused by water cir- 
culation up through the gear train and stuffing 
box . - . these are permanently lubricated and 
sealed from the path of the water. 


We believe the Trident meter, if properly in- 
stalled, is the quietest, most dependable meter you 
can buy. It’s one of the many reasons why more 
Trident meters have been bought in the post 50 
years than any other meter. 
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New England Water Works Association 


ORGANIZED 1882 


Vor. LXX Marcu, 1956 No. 1 


This Association, as a body, is not responsible for the statements or opinions of any of its members 


MICRO-STRAINING AND ITS APPLICATIONS 
BY P. L. BOUCHER* 


[Read March 17, 1955.) 


INTRODUCTION 


After the end of the last world war, interest was developed in 
Britain in the possibilities of adapting the rotary-drum strainer or 
screen, hitherto used only for the elimination of gross suspended solids 
from water, as a filter capable of removing microscopic solids, with 
performance equal to that of rapid-sand filters operated without co- 
agulants. Much success was achieved and the process of Micro- 
straining came into being, with the subsequent establishment of a wide 
field of applications in water purification. 


Today there are nearly sixty Micro-straining installations either 
in operation or in course of construction, with individual flow capaci- 
ties ranging from a“few hundred-thousand gallons to over 100 m.g.d. 
The largest user, at present, is the Metropolitan Water Board, Lon- 
don’s water supply authority, who have in service, or under construc- 
tion, four plants with a total capacity of 200 m.g.d. more than half 
of London’s daily water consumption. 


Other major British water undertakings employing the process 
on a full scale include those of the cities of Bristol, Liverpool, Edin- 
burgh, Birmingham, Norwich, Belfast and Preston, and the Colne 
Valley Water Company, whilst dozens of smaller undertakings, both 
municipal and industrial, have followed suit. 

" The applications include primary filtration prior to rapid and to 
slow-sand filtration, Micro-straining as a sole filtration process, and 
even as a special “polishing” process after rapid and slow-sand filtra- 

tion. The final clarification of sewage effluent is another important 


a *Chief Civil Engineer, Glenfield & Kennedy, Lid., 105 Park St., London, W. 1, England; Vice-Presi- 
dent, Glenfield & Kennedy, Inc., 677 Sth Ave., New York, N. Y. 
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MICRO-STAINING—ITS APPLICATIONS 


municipal employment, whilst similar applications are found in in- 
dustrial water supply and effluent treatment. 

The advantages enjoyed by users of Micro-straining plant are 
greatly reduced capital charges, nominal operating costs, small com- 
pass of installations, overall hydraulic head loss reduced to inches 
with elimination of pumping in most cases, automatic operation and 
very low maintenance. In Britain and elsewhere, the adoption of 
Micro-straining in cases where conventional filtration plant would 
otherwise have been employed, has achieved important economies in 
the expenditure of public funds. 

In this Paper it is proposed to describe the equipment, to give 
some account of selected samples of installations, and to conclude by 
outlining the problems of design. It is hoped that American Water- 
works men may find points of interest in this development which, in 
the last decade, has become an established part of British waterworks 
practice. 

EQUIPMENT 


The Micro-strainer is a rotary drum filter which operates in 
gravity flow conditions, usually installed in reinforced concrete tank- 
work. One end of the drum is open and runs against a matching inlet 
opening in a Meehanite end frame built into a wall which divides the 
filtered from the unfiltered water. The other end of the drum rotates 
against a similar end frame which is blanked off and stands in the 
filtered water compartment. The filtering medium is fixed to the 
drum periphery and the flow of water is therefore axially into the 
drum and radially out of it through the filtering medium, intercepted 
solids being retained on the inner drum surface. The flow pattern 
is illustrated by Fig. 1. The upper portion of the drum is above the 
water level and external backwashing jets span the drum length in 
such a way that the retained solids are flushed continuously, as the 
drum rotates, into an internal waste-water hopper, the lip of which is 
also above the water level. A hollow axle on which the waste-water 
hopper is mounted allows egress of the waste water from the drum. 

Mechanically the equipment is extremely simple but of high qual- 
ity construction, in conformity with best waterworks practice. The 
drum cage is of bronze, the filtering medium of stainless steel. The 
drum rotates on specially manufactured stainless-steel ball and roller 
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bearings carried by the central hollow shaft, which is mounted be- 
tween the two massive end frames. Running clearances are doubly 
sealed to ensure absence of leakage of unfiltered water. 

The drum is rotated by means of a large diameter spur-ring of 
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bronze, driven through gearing and speed-change mechanism by a 
small-power electric motor. 

Special, self-cleaning, adjustable, wash-water jet nozzles of bronze 
and stainless-steel construction keep wash water consumption, which 
depends upon the quality of the raw water and the necessary speed 
of rotation of the drum, at the minimum possible in various operating 
conditions. The washing area is enclosed by transparent plastic 
splash guards. 

Drum speeds are adjustable up to a maximum of 100 ft. per 
minute. Wash-water pressure varies between about 5 and 25 Ib. per 
square inch, depending upon the state of the water being filtered, the 
pressure normally being the higher the dirtier the water. 

A general impression of the construction of a machine is given 
by the perspective drawing reproduced in Fig. 2. 

The machines are constructed in four standard sizes having 
drums respectively 2’6”, 5’0”, 76" and 10/0” diameter. They cover 
unit flow capacities of up to about 12 m.g.d. U.S., depending upon the 
quality of the raw water. Even for the largest unit, the driving motor 
is rated only at 114 B.H.P., for normal drum speeds. 


Multiple-unit installations are used for large flows and to provide 
flexibility, and any flow capacity can be obtained from 7’6” diameter or 
100” diameter units operating in parallel. Machines are located in 
individual tanks with inlet and outlet control valves or sluices. In 
the largest plants it is appropriate to keep constructional costs at 
their lowest by installing pairs of machines in individual tanks. 


THE FILTERING MEDIA 


Micro-straining fabrics are available with a number of different 
degrees of fineness. The most commonly used are three, known as 
Mark II, Mark I and Mark 0, in descending order of aperture size. 

The fabrics are woven of stainless-steel and in the order given 
have apertures of approximately 65 microns, 35 microns and 23 mi- 
crons. The finest fabric, the Mark 0, has 144,000 twenty-three- 
micron apertures per square inch. A standard 10'0” diameter machine 
fitted with this particular fabric would thus have about 7,000,000,- 
000,000 apertures in its surface. It is because of the high porosity of 
the Micro-straining fabrics that high flow ratings can be used, com- 
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pared with sand-filtration, under extremely low differential pressures, 
and therein lie the economies to be achieved by the employment of 
the process. 

Fig. 3 shows the construction of Micro-straining fabric, and illus- 
trates the definitions of the “inner” and “outer” limiting apertures. 

The fabric is fitted to the drums in contact with coarse mesh 
stainless-steel fabric which provides mechanical support and also has 
the effect of breaking down surface-tension which would otherwise 
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make it impossible for low-pressure back-washing arrangements to be 


used. This coarse fabric has, therefore, become known as “pilot” 
fabric. 


OUTER LIMITING INNER LIMITING 
APERTURE 48 MICRONS APERTURE 35 MICRONS 


ISOMETRIC SKETCH OF MK: 
MICRO-STRAINING FABRIC 
APPROX: 375 X. 
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Allowable flow ratings through the fabrics vary from about 2,000 
gallons U.S. per-square-foot-per-hour down to about 700 gallons U.S. 
per-square-foot-per-hour, depending upon the concentration of solids 
in the raw water. Arbitrary flow ratings cannot be adopted in design- 
ing Micro-straining installations and the methods employed involve 
the conception of the filtrability of fluids, dealt with briefly towards 
the end of this Paper. 

The efficiency of filtration by Micro-straining depends upon the 
formation of a thin mat of intercepted solids on the inner surface of 
the filtering fabric. The fabric, of course, positively intercepts solids 
larger than the apertures, and a mat is formed which also intercepts 
a large proportion of solids smaller than the apertures. High filtra- 
tion efficiencies are therefore obtained, even at the elevated flow 
ratings quoted above. The mat is very thin compared with the mat, 
or schmutzdecke, formed on a sand bed, and it is washed off at the 
speed of rotation of the drum, to be rapidly reformed as the cleaned 
fabric re-enters the water. The head loss rarely exceeds four or five 
inches, even at the highest flow ratings, and the intercepted solids 
never therefore become so consolidated that they cannot be removed 
by the low-pressure water jets. 

Although microscopic suspended matter of all kinds is filtered 
out, no appreciable reduction of true colloidal matter, or of colour in 
solution can be expected by Micro-straining, unless coagulants are 
employed in prior treatment. 


SoME APPLICATIONS OF MICRO-STRAINING 


Installations of the Metropolitan Water Board 


The first installation for London’s Metropolitan Water Board 
was at Surbiton, in the Thames Valley Group of Works, where a 
3 m.g.d. experimental unit was put into operation early in 1946, up- 
stream of a large slow-sand filter (No. 6) and controlled by observa- 
tion of two other slow-sand filters (Nos. 7 & 8) operating in parallel. 
All filters were dealing with stored River Thames Water, very liable 
to Plankton invasions, Bed No. 6 having pre-treatment by micro- 
straining, Beds Nos. 7 & 8 taking the raw water. From February, 
1946, to March, 1950, Bed No. 6 passed about twice as much water 
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8 MICRO-STAINING—ITS APPLICATIONS 


between cleaning operations as Beds Nos. 7 and 8, at a rate of fil- 
tration nearly 1.7 times as high.’ 


Kempton Park 


These results were so promising that by March, 1948, a much 
larger installation was started up at Kempton Park Works, also in 
the Thames Valley where a rapid-sand pre-filtration plant already 
existed. One 34-acre slow-sand filter (No. 1) was isolated to receive 
Micro-strained water, and two other beds (Nos. 4 & 5) of the total 
number of 12, were selected for comparative observation. 

Typical results published? up to March, 1950, showed that for 
equal rates of filtration through beds Nos. 1, 4 and 5, the quantity 
filtered per acre of slow-sand filter beds cleaned was, for the primary 
sand filtered water, 198,000,000 gallons, and for the Micro-strained 
water 187,000,000 gallons. 

The Kempton Park installation consists of four 7'6” diameter 
x 5’0” wide machines, fitted with Mark I Micro-straining fabric (then 
the finest available), and it proved to have a flow capacity in normal 
water conditions of approximately 15 m.g.d. Wash-water consump- 
tion, at this rate of flow, was little more than 1% of the volume fil- 
tered. The installation, which is still in operation, is illustrated by 
Fig. 4. 

The total cost of the Micro-plant, including building and main 
laying, was (in 1948) £12,795.0.0d. ($35,826.00). The space occu- 
pied in plan measures 44 ft. x 14 ft. and the hydraulic loss across 
the installation is normally below 6 ins. 

The rapid-sand filtration plant, completed in 1929, with which 
the Micro-straining installation was compared, consists of 24 Pater- 
son Filters, each of 416 sq. ft. area, with 2 ft. 3 ins. of 0.78 milli- 
metres sand of uniformity co-efficient 1.57, operating at 200 gallons 
per square foot per hour. The sand was renewed in 1947, and the 
beds were operating at high efficiency and passing together up to P 
60 m.g.d. 


Lea Bridge 


The Board’s Lea Valley Group of Works was chosen for the 
next installation of Micro-straining plant, this time for a flow of 75 
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10 MICRO-STAINING—ITS APPLICATIONS 


m.g.d. A decision to employ Micro-straining was taken in 1949. The 


plant, which was put into operation at the end of 1954, consists of - 


ten of the largest units, each having drum 10'0” diameter x 100” wide, 
and again fitted with Mark I fabric. 

Each pair of units has a separate tank with inlet and outlet iso- 
lating sluices, and is generally arranged as shown by Figs. 5, 6 and 7 

Flow through the installation is by gravity from the aqueduct 
leading in stored River Lea Water, which flows through the plant 
and back into the aqueduct, the raw and Micro-strained water being 
separated by a steel-pile dam. The pre-filtered water then passes to 
the slow-sand filters without any hydraulic change other than a few 
inches of head loss across the dam. It need hardly be stated that if 
sand-filtration had been employed, low-lift pumps of 75 m.g.d ca- 
pacity would have been required. 

No results have yet been published of the operation of this plant, 
as it has only recently been put into full operation, but it has saved 
a very large capital expenditure on additional sand filters. 

The cost of the Micro-strainers (1949) was £62,000.0.0. ($173,- 
600) and the total overall cost, including all works involved, was 
given by the Metropolitan Water Board (1954) as £115,000.0.0d. 
($322,000. ) 


Ashford Common Works 


The Ashford Common Works of the Metropolitan Water Board 
is an entirely new filtration and pumping station in the Thames Valley 
not yet fully completed, for a flow capacity of 112 m.g.d. The 
largest installation of Micro-strainers yet to be constructed is, at the 
present time under erection at this site. Twenty-four 100” diameter 
x 10’0” wide machines, fitted with Mark I fabric, will deal with stored 
water from Queen Mary Reservoir, prior to slow-sand filtration. The 
general arrangement of the Micro-straining section of this station is 
shown by Fig. 8, the main features of which resemble those of a con- 
ventional rapid-sand filtration plant, with pairs of Micro-strainers in 
each tank instead of sand beds. 

The estimated total cost of this Micro-straining plant is £330,- 
000.0.0d. ($924,000) with about £200,000 ($560,000) represented 
by the Micro-strainers. 
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SECTION 68 


SECTION AA 


METROPOLITAN WATER BOARD 
LEE BRIDGE WORKS. 
MICRO STRAINING INSTALLATION 
TEN 10-0" WIDE STANDARD UNITS 


GOK ORAMING No $5 


5§.—Layout or Micro-Srrainers AT Lee Brince Works, Lonpon, ENGLAND 
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The total flow capacity of the Micro-straining installations sup- 
plied to the Metropolitan Water Board is over 200 m.g.d. more than 
half the water supplied by the World’s largest undertaking. It is in- 
teresting to note that the Surbiton and Kempton Park installations 
are still in continuous service operation, although they were originally 
installed purely for experimental purposes. 


Bristol Waterworks Company 


A few months after the first Micro-strainer was started in Lon- 
don, at Surbiton Works, the first of three installations for the Bristol 
Waterworks Company was commissioned. A year later, experience 
with this initial plant was published.* Two 7’6” diameter x 5’0” wide 
machines were employed to deal with 6.25 m.g.d. of water impounded 
in Barrow Reservoirs or pumped from the Company’s Cheddar source, 
and the object was to provide primary filtration in order to double 
the flow capacity of two of the slow-sand filters to meet an increas- 
ing demand for water, without the necessity of constructing additional 
sand filters. 

This first installation was completely successful and it was 
demonstrated during 1947 that the gallons filtered per square yard of 
slow-sand filter cleaned, for the two beds taking Micro-strained water 
were 31,286, compared with 12,897 gallons for the then remaining 
beds, 10, taking unstrained water. Moreover, the bacteriological re- 
sults from the filters taking strained water were noted to be somewhat 
better than those from the filters taking the raw water. 

The installation of this first plant, providing pre-filtration to two 
only of the 12 slow-sand filters, put up the capacity of the whole sta- 
tion by 15% at a total cost (1946) of £11,548.0.0d. ($32,334.40), 
including considerable alteration to mains. For 1947, the total oper- 
ating cost of the Micro-straining plant, including maintenance, power, 
repairs, and wash-water (priced at 6d. per 1,000 gallons Imp.) was 
given as £—.8.0d. ($1.12) per million gallons (1.25 m.g.d.U.S.) 

The first Barrow Plant is still in operation with its original 
Mark I fabric, no general fabric replacements having been necessary 
in eight years. As the demand for water increased at Bristol, two fur- 
ther Micro-straining installations were added, and today, the three 
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plants deal with 22 m.g.d. of water, and have made unnecessary the 
costly construction of at least seven additional sand beds. 

Wash-water consumption for a typical year (1953) was reported 
as 1.32% of the flow filtered. Running costs have remained very low, 
labour charges, in particular, being reported for the whole operational 
period as negligible. 


City of Edinburgh 


The capital city of Scotland decided, at an early stage of the 
development of Micro-straining, to employ the process also for the 
primary filtration of impounded water prior to slow-sand filtration. 
The first installation was for a new purification station serving an 
outlying area known as Rosebery in the County of Midlothian, with 
a supply of up to 7.5 m.g.d. This plant went into operation early in 
1953, and has run successfully ever since. 

The second, and larger, plant went into service in January of the 
present year. It is at Fairmilehead Filtration Works, which form the 
principal supply centre to the western half of the City of Edinburgh, 
and deals with nearly 20 m.g.d. of water from Tala. This flow will 
eventually be increased to about 26 m.g.d. 

The flow rating of the existing filters was originally only 13 m.g.d. 
but this has now been raised to the 20 m.g.d., and will eventually 
reach the 26 m.g.d. without any further filter construction. 

The Micro-plant consists of six 76” diameter x 50” wide drums, 
fitted with Mark I fabric, with provision for the future installation of 
two more similar drums. The machines are arranged in pairs in sepa- 
rate chambers with inlet and outlet isolating sluices. 

The raw water entering Fairmilehead Works has a residual head 
of about 100 ft. so that it was possible to install in the scheme a 
hydro-electric generating plant to produce some 80 Kw. from about 
8 m.g.d. of water. This power is sufficent to provide for the operation 
of the Micro-strainers and wash-water pumps, to heat and light the 
building, and to provide for the Water Department’s other require- 
ments at Fairmilehead. 

George Baxter, City Water Engineer of Edinburgh, gave esti- 
mates* of the cost of various methods of increasing the capacity of 
Fairmilehead Filter Station to the extent required. To have provided 
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for a 50% increase by the construction of additional slow-sand filters 
would have cost (in 1951) £88,000.0.0d. ($246,400). Primary rapid- 
sand filters to pre-filter the water before passing it to the existing 
slow-sand beds would have cost about £112,000.0.0d. ($313,600). The 
cost of obtaining the 50% increase by adopting Micro-straining was 
then established at about £40,000.0.0d. ($112,000) with a saving of 
some £48,000.0.0d. ($134,400) against the cost of additional slow- 
sand filters, and at least £72,000.0.0d. ($201,600) against the adoption 
of primary sand filtration. 

The actual total cost of the Micro-straining plant at January, 
1955, taking into account increased costs of labour and materials 
since the original estimates were made in 1951, was £64,000.0.0d. 
($179,200), including all accessories. 


Colne Valley Water Company 


The plants so far quoted are selected from a score of installa- 
tions where slow-sand filtration is used, the Micro-plants forming the 
pre-treatment stage. The Micro-strainers for the Colne Valley Water 
Company are also pre-filters but, in this case, will operate upstream 
of treatment works in which rapid-sand filtration is employed. 

The City Lane Pumping, Treatment and Filtration Works are 
constructed for a maximum flow capacity of 30 m.g.d. of water from 
five different sources, including three wells in the chalk and Hilfield 
Park Reservoir which, at certain seasons of the year, impounds well 
water for reserve use. 

Lime softening is expected to be employed, with a coagulant, the 
equipment of the main purification works including three 75 ft. 
diameter Accelators, and twelve 1,080 sq. ft. rapid-sand filters with 
arrangements for the application of COs for alkalinity neutralization 
and chlorine for final sterilization. 

The Micro-straining installation is located between this treat- 
ment plant and the Hilfield Reservoir, the water in which, because of 
its chemical composition and because, also, of the characteristics of 
the reservoir, is expected to suffer heavy seasonal infestations of 
Plankton. Six 76” diameter x 5’0” wide units, fitted with Mark I 
fabric, will deal with 15 m.g.d. of water from this reservoir, and the 
operation of this Micro plant will ensure that the final purification 
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works will receive a water of much more uniform character than would 
otherwise be the case, and that overloading of the Accelators and 
filters during Plankton peaks will not occur. 

The Micro-plant is, at present, under erection at the site, and is 
expected to go into service later in the year. 

A number of similar applications have been made of Micro- 
straining plants, both in Britain and elsewhere. 


Borough of Preston Water Department 


There are many water supplies which, in the raw state, are clear 
and uncoloured, and carry only a sparse population of living organisms 
and microscopic debris, being otherwise fit for distribution after ster- 
ilization. Micro-straining, in such cases, is suitable as a sole filtration 
process, permitting very great capital economy to be effected. 

In March 1953, the Town Council of Preston confirmed a resolu- 
tion of the Water Committee that a Micro-straining Plant, for the 
treatment of the whole water supply from the Town’s Alston Reser- 
voirs, should be installed, together with ancillary chemical plant, for 
a flow of nearly 20 m.g.d., the whole water supply of the Town. This 
decision was taken after some two years’ operation of a prototype 
Micro-strainer, installed on the Town’s water supply for dealing with 
2% m.g.d. supplied to Courtauld’s Rayon Factory. The Engineer 
has stated in his report to the Town Council that this plant has given 
complete satisfaction, and that Micro-straining will suffice in the case 
of the Town’s water supply, to produce water of excellent quality 
for a capital investment of less than half that of sand-filtration plant. 

The installation will comprise eight electrically-operated Micro- 
straining drums, each 7’6” diameter x 5'0” wide, fitted with Mark 0 
Micro-straining fabric which, in view of the nature of the raw water, 
is expected to give a perfectly limpid and brilliant filtrate, which will 
need only liming for pH correction and chlorination for steriliza- 
tion. 


Northampton Municipal Swimming Pool 


The town of Northampton, in England, operates an open-air 
swimming pool, known as Midsummer-Meadow Pool, the water supply 
for which comes from the condenser cooling system of an adjacent 
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central electric generating station, this station drawing its water 
originally from the River Nene. The swimming pool is, in fact, sup- 
ported by the purge water from the cooling water system of the 
power station and, consequently, has some contamination from the 
original river, from algal growths in the condenser cooling system, 
and from precipitation of dissolved solids. 

The quality of the water having recently been established as 
unsatisfactory for bathing purposes, a decision was taken early in 
1955 to employ Mark O Micro-straining, with break-point chlorina- 
tion, to ensure the physical and bacteriological qualities of the water, 
and it is expected to have this plant in operation by the time the pool 
opens to the public again in May of this year. This particular appli- 
cation of Micro-straining is of interest in that it is the first in swim- 
ming-bath practice, and the decision to employ it at Northampton has 
resulted in a very considerable saving of capital cost, over what would 
have been necessary had the conventional sand-filtration system been 
adopted.* 


Industrial Water-Supply Applications 


There are several industrial water supply projects in which 
Micro-straining is employed, in cases where Municipal Water under- 
takings have been responsible for these supplies. Apart from these 
cases there are a number of others in which the industrial concern in- 
volved have put down Micro-straining installations in place of sand 
filtration, to prepare process water for plant use. 

Industrial effluents can also be dealt with by Micro-straining, and 
these applications are of interest to the Water Engineer in that they 
can often be applied to prevent the pollution of rivers and other water 
courses. Some successful applications, both for process water and 
effluents, have been made in the Paper Industry in Britain, and these 
applications, in particular, have created very considerable interest in 
the Paper towns of the U.S.A. The problems of clarification of heavily 
contaminated process waters and effluents, however, are often so diffi- 
cult of solution, that no single process can be employed, and Micro- 
straining may find its application in the final or polishing stage, after 
pre-treatment by other types of plant. 


*At the time of going to press it is reported that the installation was entirely successful during the 
1955 summer season. 
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Sewage Effluent Filtration 


A Paper on Micro-straining would not be complete without some 
reference to the application of the process to sewage purification. 
This subject is sometimes of interest to Water Engineers in that 
sewage effluents are discharged to water courses and even become, 
eventually, part of the raw water with which the Water Engineer 
has to deal. 

The application of Micro-straining is made after biological puri- 
fication of sewage, when the problem is to reduce the suspended 
solids, or humus, content of the effluent, to acceptable figures. It is 
perfectly practicable to take effluents containing 50, 60, or even 100 
p.p.m. of humus, and to reduce this humus to below 10 p.p.m. with 
corresponding reductions in B.O.D. by Micro-straining, employing 
either Mark I or Mark 0 fabrics. 

The first installation in Britain was at Luton Sewage Works, 
where after pilot plant tests, supervised by the Department of Sci- 
entific and Industrial Research (Water Pollution Research Labora- 
tory), a full scale installation of three 76” diameter x 50” wide ma- 
chines was put in to deal with 4 m.g.d. of effluent, which was dis- 
charging into the River Lea. This plant has operated now for some 
five years, and has been followed by a number of other installations. 
Results have been published elsewhere." * 

The New Town of Bracknell, a satellite town to London, install- 
ing a completely new sewage purification plant, has commenced the 
installation of the first stage of a six-unit Micro-straining plant, to 
deal with 8 m.g.d. of sewage effluent.* A similar installation, for the 
Moe Sewage Authority in Australia, will deal with 1 m.g.d. and a 
full scale experimental installation, for the City of Pretoria, in South 
Africa, has been in operation for some while. 


DESIGN :PROBLEMS 


In fixing the area of a rapid-sand filtration plant, it is usually 
sufficient to divide the total rate of flow by a unit rate of flow known 
to be suitable, in order to obtain the total filter area, from which can 
be worked out a convenient size and number of beds. Back-washing 
of such filters is carried out at intervals, which are normally rela- 
tively long, and not necessarily varying with the conditions of the 
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Primary Filtration prior to Slow-Sand Filtration 


Metropolitan Water Board, London 

City of Liverpool 

City of Edinburgh 

City of Bristol 

Airdrie & Coatbridge Water Board 
Tynemouth Corporation 

Burgh of Kilmarnock 

City of Aberdeen 

Bridgwater Corporation 

Primary Filtration prior to Rapid-Sand Filtration 
City of Birmingham 

Kampala Water Supply, Uganda 

Colne Valley Water Company 

Filtration after Rapid and Slow Sand Filtration 
City of Norwich 

Sole Filtration of Public Works Supplies 
Preston Corporation Water Department 

Rio de Janiero Water Department 

Belfast & District Water Commissioners 
Dunbarton County Council 

Morogoro Municipality 

Auckland City Council 

Peterhead Burgh Council 

Larne Rural District Council 

Ballymoney Rural District Council 

Burgh of Brechin 

Newton Stewart Water Supply 

Inverness County Council 

Sole Filtration of Industrial Supply and Effluents 
Preston Corporation, for Courtaulds Rayon Factory 
Dillingen Steel Works, Saar 

Consett Iron Works 

Vernon & Co., Textile Mills 

Co-operative Wholesale Society 

Turner Bros. Asbestos Co., Ltd. 

A. E. Reed & Co., Ltd. Paper Mills 
Colthrop Board & Paper Mills, Ltd. 

West Hampshire Water Board, for Esso Refinery 
British Aluminum Co., Ltd. 

Purification of Swimming Bath Waiter 

Borough of Northampton 
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SUMMARY OF PRINCIPAL INSTALLATIONS OF MICRO-STRAINING 
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water since, quite often, a fixed routine of back-washing is established 
for operational convenience. 

There is certainly no such simple rule for calculating the size 
of Micro-straining Plant. The mat of intercepted solids retained on 
the fabric is built up very rapidly and is continuously washed off at 
the same speed. A standard 7’6” diameter x 5’0” wide machine, for 
example, dealing with water heavily charged with suspended solids, 
might have the whole of the fabric matted and back-washed four 
times every minute. With this type of plant, therefore, a major design 
problem is presented because the size of an installation for a given 
rate of flow depends upon the maximum rate at which the water will 
block the fabric. This rate is variable, and it is therefore necessary 
to design for a maximum concentration of solids in the raw water. 

Before it was possible for Micro-straining to be developed in 
large scale applications, it was necessary to determine means of cal- 
culation of flow capacity in all conditions, and this necessitated the 
study of the laws of filtration through membranes. The conception of 
the filtrability of fluids provided the solution of the problem, and the 
fundamental work leading to this solution has been published.” For 
the present purpose it is sufficient to set down the conclusions. 

The general problem, given the filtering medium to be employed 
and representative samples of the water to be filtered, in its worst 
condition as regards suspended solids, is to determine the dimensions 
of the plant required, the size and number of machines, and their 
maximum speed of operation, to pass the required flow of water under 
a head differential such that “break-through” of the mat will not 
occur. 

An experienced designer, with extensive records of values of 
filtrability encountered with various types of raw waters, might dis- 
pense with prolonged sampling. Where time permits, however, sam- 
pling should cover all seasonal variations of the raw water, especially 
where very large plants are involved, as relatively small differences 
of the filtrability can make appreciable changes in the size and cost 
of an installation. 

It is necessary to know the maximum value of the Filtrability 
Index “I”? for the water to be filtered, on the filtering medium to be 
used. Such a record is shown by Fig. 9 of the raw water to be Micro- 
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strained at Preston, England. This diagram also shows the effect of 


sedimentation in the pipeline, and the effect of Mark 0 Micro-strain- 
ing. 


It has been shown’ that, for filtering media in the form of mem- 
branes, loss of head H in filtering is related to the initial head loss 
H, to the volume filtered V and to the Filtrability Index /, for a given 
rate of flow per unit area of filter, by the expression 


It can be shown that six factors involved in the flow problem of 


an automatic self-cleaning Micro-strainer are connected by the funda- 
mental equation (1) in such a way that:— 


where H denotes the loss of head across filtering fabric, 
virtually the same as the differential head across the 
drum. 

Q denotes constant rate of flow through the strainer. 
C; denotes porosity factor of fabric represented by H. 
at unit velocity of approach with fabric perfectly clean. 
A denotes effective submerged area of filtering fabric on 
drum. 

S denaes speed of rotation of drum in units of effective 
fabric area entering the water at a given time and 

I denotes Filtrability Index of raw water measured on 
filtering fabric in use. 

The symbols n and m denote constants. 


For H in inches, Q in gallons per hour (Imperial), C; in feet, 


A in square feet, and S in square feet per minute, m and n have the 
following values :— 


m = 0.00053 n = 0.00268 


Fig. 10 shows a typical set of performance curves for a particu- 
: lar size of Micro-strainer, giving solutions to equations (2) for a 
range of filtering media. 


Results are usually expressed at 50° Fahrenheit. Conversions to 


nlQ/S 
mQCre 
3 A al 
\ 


24 MICRO-STAINING—ITS APPLICATIONS 


other temperatures can be made from the principles of viscous flow, 
or an empirical formula, derived from Hazen’s expression for flow 
through sand beds may be used: 


( 60 ) 
(Ti+ 0.) 


= Hs0 


Where H; denotes the loss of head at temperature T 
degrees Fahrenheit, Hs0 the loss of head at 50° Fahren- 
heit, and 7 the temperature of which the loss of head is 
degrees Fahrenheit. 


7 ft. 6 ins. dia. x 5 ft. wide ROTARY STRAINER. 


Curves plotted from the expression For As 75. 
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The loss of head H in the expression (2) should be below the 
head at which “break-through” of the mat occurs, if maximum fil- 
tration efficiency is to be achieved. This head can be determined 
from tests made on a Filtrability Apparatus in laboratory conditions. 
“Break-through” is shown when readings of Log H plotted against V 
give a straight line which suddenly falls off towards the V axis. 

The optimum working value of H in most Micro-straining plants 
is of the order of 6 inches and, as has been pointed out above, even at 
this low head very high flow ratings can be used without the need 
for pumping, even when plant has to be installed virtually on a uni- 
form hydraulic gradient. The largest installations can be designed 
for an overall head loss, including channels, sluices, weirs and Micro- 
strainers, of from 12 to 18 inches. 

The Filtrability Apparatus referred to, has been described else- 
where® but there also exists an instrument known as the “Filtra- 
meter’’, illustrated by Fig. 11, which is convenient for carrying out 
filtrability tests in the field. 


ESTIMATION OF FILTRATION EFFICIENCY 


The efficiency to be expected from Micro-straining plant may be 
estimated from typical samples of water by means of laboratory tests 
made by the aid of the Filtrability apparatus. Direct filtration tests 
can be made by pouring the water through specimens of the various 
micro-fabrics, taking precautions to simulate, as far as possible, the 
conditions of the actual plant. This can be simply done. 

A 1%” or 2” diameter tube, 6” long, open at. one end, the other 
end covered by the fabric, provides a suitable means of obtaining fil- 
tered samples. With the tube held at an angle, the raw water, after 
sufficient agitation to distribute the suspended matter in its natural 
state and concentration, is decanted gently into the cylinder until the 
head rises to 5 or 6 inches or to other working head already de- 
termined, pouring finally at a rate as close as possible to the strain- 
ing rate. The filtrate is collected in a clean vessel in sufficient vol- 
ume for subsequent examination. 

Measurements of filtrability are then made on the raw water and 
on the strained water, using a “Standard” filter (Institution of Water 
Engineers, 1948," ''). The percentage reduction of Filtrability In- 
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dex / is then a measure of the suspended solids removed by filtration, 
expressed in terms of the rate of blockage of the “Standard’’ filter. 
This has been done in the tests shown by Fig. 9. Estimations of dried 
weights of solids in p.p.m. can also be made on the raw and strained 
samples. 

Another estimation that is often of great use is the percentage 
increase of Filtrability F in seconds, this value being obtained by cal- 
culating the reciprocal of the Filtrability Index /. The significance of 
this percentage increase is in the increased length of “run” of the 
“Standard” filter before and after filtration, which is taken as the im- 
provement effected by the Micro-straining process. This method of 
expressing the results is of particular interest in cases where Micro- 
straining is to be used for primary filtration before subsequent sec- 
ondary filtration, because of considerable evidence which connects 
improvement in filtrability seconds so measured with improvement of 
runs of secondary filters taking the primary filtered water. An inter- 
esting Paper dealing with this angle was published recently.'* An 
exact relationship between such filtrability tests applied to predic- 
tions of secondary filter runs cannot, however, be expected. It must 
be remembered that biological and physical change may take place 
in such filters, and that additional phenomena, such as after-growths, 
tend to complicate matters but, nevertheless, evidence shows the 
value of such laboratory estimations. 

For full information on the method of carrying out filtrability 
tests, on “Standard” filters and on associated matters, reference should 
be made to the published Papers and Reports (See bibliography. ) 
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THE ANALYSIS OF COMPLEX WATERWORKS 
DISTRIBUTION NETWORKS 


BY EDWIN B. COBB* 


[Read March 17, 1955) 


The analysis of flow in waterworks distribution networks has in- 
terested many engineers. Since Hardy Cross presented his classic 
paper on network analysis in 1936 (1), there have been more than a 
score of papers published on the subject. Network analysis has been 
a sort of hobby for the writer since about 1941, when he first be- 
came interested in the subject. 


It is the intention of this paper to present a system of network 
analysis which should prove to be a new and useful tool for water- 
works engineers. Every endeavor has been made to present the ma- 
terial in a simple straightforward manner and to avoid repetition of 
what has been written before. 


There are two types of waterworks networks, and to differenti- 
ate between them, the writer has coined the terms “Simple Network”’ 
and “Complex Network.” A simple network is one which is supplied 
at a single point. A complex network is one which is supplied at two 
or more points by sources which have rates of input dependent upon 
the resistance to flow in the system. 


A simple network is illustrated in Fig. 1. The source of supply 
of the network is indicated as a standpipe, but a pump or other source 
could have been substituted. Such a network can be readily analyzed 
by a mathematical method similar to that of Hardy Cross. 


One type of complex network is illustrated in Fig. 2. The pipe 
arrangement is similar to that shown for the simple network in Fig. 1, 
but in this case the supply is from two standpipes, A and B, which 
are at different elevations. Centrifugal pumps could be substituted 
for one or both of the standpipes. For simplicity, no outflow has been 
considered from any of the junctions. 


*Partner, Metcalf & Eddy, Engineers, Boston, Mass. 
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In the complex network shown, the sum of the inflows from 
standpipes A and B must equal the outflow from the system at C. 
Also, the algebraic sum of the losses in each pipe by any route from 
A to C must equal the available head between A and C. Similarly, 
the algebraic sum of the losses by any route from B to C must equal 


SUPPLY 


AVAILABLE 
MEAD 


wil 


FIG | SIMPLE NETWORK 


the available head between B and C, and the algebraic sum of the 
losses by any route between standpipes A and B must equal the differ- 
ence in water levels between the two tanks. It is also a fundamental 
rule in network analysis that the input into any junction must equal 
the output. 

Only one combination of flows will satisfy the hydraulic condi- 
tions of the system indicated in Fig. 2, but even with such a simple 
network, it would be a very tedious task by trial and error to esti- 
mate that combination. 

Hardy Cross (1) proposed a mathematical method for analyz- 
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ing networks of the complex type, but experience has shown the 
method to be very tedious and probably impractical for general use. 
The McIlroy (2) electronic network analyzer should be able to solve 
such a problem readily, but unfortunately many of us could not afford 
such apparatus, nor would we have the electrical background to be 
able to use it with confidence. 


OuTPuT 


FIG.2 COMPLEX NETWORK 


As a result of considerable experimentation, the writer has de- 
veloped a method for solving complex networks, which does not 
require expensive equipment and which is sufficiently rapid to lend 
itself to practical use. However, before launching into a descrip- 
tion of the method, we should review a few fundamentals of hydrau- 
lics, to be sure all of us understand the basic principles involved. 

The upper portion of Fig. 3 is a simplified illustration of the 
hydraulic gradient for flow in a section of horizontal pipe of uni- 
form diameter and roughness. The term (KA) is a constant for the 
pipe, expressing diameter, roughness and length. The flow (Q) 
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through the pipe is induced by the difference (H) in hydraulic gra- 
dients between the two points A and B and may be computed by the 


H 
J + By varying the difference in the hydraulic 
gradients, the rate of flow through the pipe may be altered or even 
reversed. For convenience, we shall call the difference (H) in eleva- 
tions of the hydraulic gradients the “head loss.” 

In the lower portion of Fig. 3, we have shown a simple junction 
of three pipes. The flow in pipe 1 must equal the sum of the flows 
in pipes 2 and 3. The flow in each pipe is dependent upon the “head 
loss” or the difference in the elevations of the hydraulic gradient at 
each end of the pipe. Now, if the elevations of the hydraulic gradients 
at points A, B and C are fixed, then, in order to balance the inflow 
and outflow at the junction, it would be necessary for the elevation 
of the hydraulic gradient at 0 to adjust itself until 0: = Q2 + Qs. 

Should the elevation of the hydraulic gradient at any one of the 
three points A, B or C be altered, then it would be necessary to adjust 
the elevation of the hydraulic gradient at 0 until balance of the in- 
flow and outflow is again achieved. With a single junction, such as is 
illustrated, it would not be too tedious to determine the elevation of 
the hydraulic gradient at 0 by using a slide-rule for computing the 
flows and employing either a cut-and-try or a graphical method for 
balancing inflow and outflow. 

To analyze complex networks, the hydraulic gradient may be 
used in determining the inflow and outflow at the various junctions. 
The complex network of Fig. 2 is shown in Fig. 4 with the hydraulic 
grade lines sketched-in. If this were a problem to be solved, the ele- 
vations of the hydraulic gradients at points A, B and C would be 
known. Could we determine the elevations of the hydraulic gradients 
at the intermediate junctions, then we could compute the rates of flow 
in the various lines, the inflows at points A and B, and the outflow 
at point C. Theoretically, we could assign elevations to the interme- 
diate junctions by trial, use a slide-rule to compute the flows, and then 
make adjustments in the elevations of the hydraulic gradient until 
the inflows and outflows of all the junctions throughout the net- 
work were in balance. 
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The network shown in Fig. 4 is relatively simple, but there are 
eight junctions and 15 pipelines. A change in the hydraulic gradient 
at any one junction would require changes in the elevation of the 
hydraulic gradient at all of the other junctions. Changes in hydrau- 
lic gradient mean changes in rates of flow, and since the flows in the 


poor 


FIG.4 HYDRAULIC GRADIENT FOR A COMPLEX NETWORK 


pipelines are interdependent, a change in the flow rate in one would 
necessitate changes in the flow rates in all of the other pipelines. 
Speaking from experience, one would find such a cut-and-try solu- 
tion of even the seemingly simple network shown in Fig. 4 to be no 
mean task. 

To provide a rapid method for determining the unbalance of in- 
flow and outflow at a junction, the writer developed a simple device 
consisting of paper scales and wooden disks, which, for want of a 
better name, he has called a “Disk Assembly.” Before showing a 
picture of the apparatus, we shall discuss the principle upon which 
it works. 
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A group of five paper scales is shown in Fig. 5. Scales numbered 
1, 2 and 3 represent like-numbered pipelines intersecting at a junc- 
tion. Scale 4 is called the “index scale’ and Scale 5, the “reference 
scale.” Scales 1, 2 and 3 are laid off with lines which read in feet 
of “head loss” for the respective pipeline. The lines are spaced at 
diminishing distances from the zero line, and this spacing is equal to 
the flow causing the respective “head loss’ laid off to a scale such 
as 0.5 mgd per inch. Because different pipes would normally have 
different resistance factors, the spacings of the feet of “head loss” 
lines on the respective scales would vary. The portion of the scale 
above the zero line represents inflow into the junction and the portion 
below, the outflow from the junction. 

Scale 4 has a single index line with double arrow heads. Scale 5 
is laid off in million gallons per day (mgd), plotted to the same linear 
scale as were Scales 1, 2 and 3. Scales 1 and 5 are fixed with their 
zero lines opposite each other. Scales 2, 3 and 4 are movable verti- 
tically. 

In operation, we shall assume that the elevation of the hydraulic 
gradients at the outer ends of the three lines represented by the 
scales are fixed, but that the elevation of the hydraulic gradient at 
the junction is unknown. As the first step, we shall assign an ele- 
vation to the hydraulic gradient at the junction such that the head 
losses in the three lines would be as follows: Hi = +51 ft, He = —12 
ft, Hs = —0.3 ft. Plus signs indicate inflow to the junction and nega- 
tive signs mean outflow. 

We shall next set the above head losses on the respective scales. 
Scale 2 is moved upward until the arrow at its zero line is opposite 
+51 on Scale 1; Scale 3 is moved so that the arrow on its zero line 
is opposite —12 on Scale 2, and the Index Scale is moved so that its 
double-pointed arrow is opposite —0.3 on Scale 3. When these set- 
tings have been made, it will be seen that the double-pointed arrow 
on the Index Scale is opposite about —0.20 on the Reference Scale. 
This would mean that there is about 0.20 mgd more outflow than 
inflow into the junction. 

To correct the unbalance between flows, the elevation of the hy- 
draulic gradient at the junction would be lowered slightly. This would 
increase the inflow and decrease the outflow. By determining the 
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FIG. 5 SCALE ASSEMBLY 
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revised head losses and resetting the scales, the correctness of the re- 
vised estimate could be determined. Through successive trials, the 
correct elevation could be estimated. 

For network analysis, the above procedure has been expanded by 


Fic. 6—Disk AssEMBLY AND ELEVATION INDICATOR. 


mounting the paper scales on the wooden disks of a “Disk Assembly” 
and providing one assembly for each junction of the network. A typi- 
cal Disk Assembly is shown in Figures 6 and 7. 

Each assembly consists of four or more wooden disks, each about 
7 in. in diameter by about ™% in. thick, mounted on a common shaft, 
which is supported from a wooden base. The paper scales are fastened 
to the peripheries of the wooden disks by means of wooden wedges, 
which are forced into slots in the rims of the disks. The end disks 
are fastened s9 that they remain stationary, but the intermediate 
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disks are free to revolve. Sheets of fine sandpaper are fastened to the 
right-hand faces of disks 2, 3 and 4, to provide sufficient friction be- 
tween disks to cause group movement when desired. A thumbscrew 
and spring at one end of the shaft provide a means for adjusting the 


Fic. 7—Disk AssEMBLY AND ELEVATION INDICATOR ExpLopep TO SHOW CONSTRUCTION. 


compression on the disk assembly. The pins seen protruding from the 
intermediate disks are handles for rotating these disks. 

The purpose of the sandpaper and group movement is to permit 
the adjustment of the setting on one scale without changing the set- 
tings on the other scales, except on the Reference Scale. When Disk 2 
is rotated to adjust the setting on Scale 1, the sandpaper provides 
sufficient friction between Disks 2, 3 and 4 to cause the three to move 
as a group. Similarly, if the pin on Disk 2 is held with one hand to 
prevent the rotation of that disk, while at the same time the other 
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hand rotates Disk 3 to adjust the setting on Scale 2, the adjustment 
may be made without changing the settings on Scales 1 and 3. 
When a network is to be analyzed, a simplified plan of the system 
would be prepared as a work sheet. A Disk Assembly would be pro- 
vided for each junction to be considered. If we refer to the network 
of Fig. 4 as an example, we see in this case that eight junctions are 
to be considered; thus, eight Disk Assemblies would be required. All 
junctions have three pipes, with the exception of junction 5, which 
has four pipes, and would require an assembly with six disks. 
The analysis would proceed in accordance with the following 
steps: 
1. 


The length, diameter and roughness factor for each pipeline 
in the network would be established, and the paper scales pre- 
pared and mounted on Disk Assemblies. Since most of the 
pipelines are involved in two junctions, two scales would be 
needed for most of the lines. 

The elevations of the hydraulic gradients at points A, B and 
C would be established for the problem. If A and B are 
standpipes, the hydraulic gradient would normally be at the 
same elevation as the water surfaces. Point C is the point 
of discharge, and if we were attempting to determine what 
hydrant discharge would be available, we might assume a 
residual pressure of 20 psi (46 ft), and from this the eleva- 
tion of the hydraulic gradient at C would be computed. 
Elevations of the hydraulic gradients at all intermediate 
junctions would be assigned by inspection. 

The head loss in each pipeline would be determined from 
the differences in the elevations of the hydraulic gradients at 
the junctions, and these values would be set on the proper 
scales of the Disk Assemblies. The unbalance of the inflows 
and outflows at each junction, as indicated on the Reference 
Scales, would be noted. 

Using the indicated unbalance of flows at the various junc- 
tions as a guide, we would adjust the elevations of the hy- 
draulic gradients at the junctions. From the adjusted values, 
new head losses for the pipelines would be determined, the 
settings on the Disk Assemblies adjusted, and the revised 
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degree of unbalance at the junctions, as indicated on the 
Reference Scales, again noted. 

6. The procedure of adjusting the elevations of the hydraulic 
gradients and making comparable adjustments in settings on 
the Disk Assemblies would be repeated, until the inflows 
and outflows at all junctions are in a reasonable state of bal- 
ance. After a little practice one acquires a sort of feeling for 
the particular network, and the system can be adjusted to 
balance quite quickly. 

After a state of balance has been achieved, it is prudent to check 
the results by computing the flow in each line from the indicated 
head losses. These flows may be computed from tables, by slide-rule, 
or by other methods, depending upon the preference of the operator. 
The proof of any analysis is the degree of balance of the inflows 
and outflows of the various junctions. 

To assist in the adjusting operation, dial-type indicators called 
“Elevation Indicators” have been constructed. These devices are 
shown in Figures 6 and 7. One indicator would be provided at each 
junction and the elevations of the hydraulic gradients set on the dials. 
By mental subtraction of the dial readings of the indicators at the 
junctions at the ends of a pipeline, one may readily determine the head 
loss for the pipeline. When an elevation of the hydraulic gradient is 
to be adjusted, the adjustment would be made by changing the dial 
setting of the appropriate Elevation Indicator. 

Takeoffs at various junctions are no problem in this system of 
analysis. Either allowance can be made for them when reading the 
Reference Scale, or that scale can be moved upward on the disk so 
that the total inflow must equal the outflow, including takeoff, before 
the double-headed arrow on the Index Scale will point to zero on 
the Reference Scale. 

Probably the most time-consuming element of the analysis is the 
preparation of the paper scales. A simple method for making the 
scales is illustrated in Fig. 8. The rate of flow in a pipe is computed 
over a sufficient range of head losses to permit the construction of a 
smooth curve. Any pipe flow formula may be used which suits the 
operator’s fancy. This curve is plotted graphically to suitable scales 
and mounted on a drawing board as indicated. A strip of paper, wide 
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enough for two paper scales and of sufficient length for the required 
inflow-outflow portions of the scale, is attached to the drawing board, 
as shown, with its zero line opposite the datum of the graph. 
Ordinates are drawn to the curve for the various head losses of 
1, 2, 3, ft, etc., and then, by the aid of a T-square, their intersections 
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FIG.8 BASIC METHOD OF MAKING PAPER SCALES 


with the curve are projected horizontally to the paper scales and 
suitably inscribed. To make the lower half of the scales, the paper 
strips are simply inverted. 

The method of preparing a paper scale for a centrifugal pump 
is illustrated in Fig. 9. The pump characteristic curve is transposed 
into terms of elevation of the hydraulic gradient at the pump dis- 
charge. By deducting from the elevations of the hydraulic gradients 
of the pump characteristic curve, the head loss for corresponding 
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rates of flow in the discharge main between the pump and the first 
junction, a curve representing the pump discharge at various eleva- 
tions of the hydraulic gradient at the junction is obtained. This curve 
is then used to prepare the paper scale, as indicated in Fig. 9. 


The simple formulas for pipe flow, H = KQ* and Q =| rh 


are quite convenient for network-analysis computations. A discussion 
of these formulas will be found in Appendix A. A stock of paper 
scales for a series of K values could be prepared in advance, which 
would permit the rapid setting-up of a network problem. Since in the 
same network two pipelines seldom have the same resistance factor, 
a single series of scales would generally be suffiicent. 

In network analysis it is prudent to simplify the network to the 
fullest extent practicable. Since the consumption from the average 
waterworks system varies from second to second and from area to 
area, it is necessary to assume conditions as of some instant as the 
basis of analysis. The estimation of the amount and distribution of 
consumption may be subject to appreciable errors, and normally the 
friction characteristics of the various pipelines must be assumed from 
experience. However, the method of analysis described may be car- 
ried to any degree of precision the operator desires. 

The use of the system of network analysis described in this paper 
will require some fundamental knowledge of the hydraulic principles 
of the flow of water in pipe. However, once the basis of the analysis 
is established and the paper scales are prepared, almost any person 
of normal intelligence and some degree of patience can be quickly 
taught to manipulate the Disk Assemblies, to determine the flow pat- 
tern which will satisfy the network conditions. 


The writer believes that a good name for the system of analysis 
described would be “The Hydraulic Gradient Method of Network 
Analysis.” 
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APPENDIX A. 
PrepE FLow FoRMULA ADAPTED TO NETWORK ANALYSIS 
It has been found that the Darcy formula for pipe flow, 


(H =f— = ) is most convenient for use in network analysis. This 
g 

is principally true because in its use, only squares or square roots are 
involved and these can be readily handled on the common polyphase 
slide-rule. Also, while the Hazen and Williams formula (V = 1.318C 
R-® §.**) gives fairly representative results for the smoother pipes 
(C = 120 or better), it is less suitable for the rougher pipes. The 
Darcy formula is more suitable for use with the rougher pipe. 

The use of the Darcy formula is simplified when it is reduced to 

L 

the expression H = K Q*, in which K = i —. When Q is in 


606 fL 


Many waterworks engineers, however, are not 


familiar with the usual values for the friction coefficient (f) of the 


Darcy formula, but ate accustomed to thinking in terms of the fric- 
tion coefficient (C) of the Hazen and Williams formula. The writer 
has, therefore, prepared a table of the value of K in the simplified 
formula H = KQ* for common pipe sizes, referred to the Hazen and 
Williams coefficient (C). 

To derive this table, the Hazen and Williams formula was re- 

LV' 
written in the form H = and equated to the Darcy 
1.667 


formula in the form H = f — —. The Darcy f was then solved for 
in terms of the Hazen and Williams C as follows: 


193.2 
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Values of f were computed for 8-in., 12-in. and 18-in. diameter 
pipe at velocities of 3, 4 and 5 ft for a series of values of C ranging 


from C = 40 to C = 150. Some of these values are tabulated in 
Table A-1. 4 
TaBLeE A-1. VALUES oF Darcy f aid 
Diameter Value of 
of pipe Velocity H.& W. Vales of f 
(in.) (fps.) ¢ 150 100 40 
8 5 0.0152 0.0325 0.176 
8 4 0.0157 0.0336 0.183 
8 3 0.0163 0.0349 0.189 
12 5 0.0142 0.0304 0.165 
12 4 0.0146 0.0314 0.171 
12 3 0.0153 0.0328 0.178 
18 5 0.0133 0.0286 0.155 
18 4 0.0139 0.0297 0.161 
18 3 


0.0145 0.0310 0.169 


found to lie between the limiting curves of the 8-in. pipe and 3 fps 
velocity and of the 18-in. pipe at 5 fps velocity. Average values for f 
at various intervals of the value of C were taken from the curves, 
and these values were used to prepare Table A-2. In this table are 
tabulated K values for the Darcy formula per 1,000 ft of pipe in sizes 
from 4 in. to 60 in., inclusive, and with C values from 40 to 140, in- 
clusive. 

In the simplified form, the Darcy formula lends itself to easy 
calculation for quantity of flow or loss of head, and the solution of 
pipe in series or in parallel. 

1. Single pipe 


a. Loss of head H — KQ? 
b. Quantity of flow e= Kk 


2. Equivalent friction coefficients K 
a. Pipe in series K, = K, + K.+K3,+...K 


b. Parallel pipe 


: 

L 
; 
, The computed values of f have been plotted in Fig. A-1 and are a 
at 
q 
1 
kK, = 
l 1 \? 
\ Ky Ky ‘ 
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SUMMER WATER AT ROCKPORT 
BY MATT HAUTALA* 


[Read June 16, 1955.) 


This paper deals with some of the problems of a water depart- 
ment in a summer-resort town, where the demand for water tends 
to exceed the supply. Rockport, Mass., is such a town and is located 


on the tip of Cape Ann, having for its only neighbor the city of 
Gloucester. 


It has a winter population of 4,200 and an estimated summer 
population of nearly 15,000. Back in 1893, when the Rockport Water 
Department first came into existence, the town acquired a large sur- 
face pond, called Cape Pond, as the first source of supply. This pond 
covers an area of some 50 acres, has a watershed of over 200 acres, 
and is 21 ft in depth at the deepest point. It is believed to be fed 
by springs. At one end of the pond is a swamp, which undoubtedly 
contributes to a water high in color and noted for its algae growth 
and swampy taste. The estimated safe yield of this pond is some 
150 mil gal per year. In addition to the pond, the water works origi- 
nally consisted of a steam pumping station, a 317,000-gal standpipe 
and approximately 8 miles of water mains, with 175 paying custom- 
ers. Through the years the system has continually expanded, until 
today we have over 22 miles of mains, 6 miles of summer pipes and 
2,300 water services. Thus it can be seen that the town has continued 
improving and increasing its water system. 

Because of the poor quality of the Cape Pond supply, it was 
recommended to the town that improvements be made by construct- 
ing a filtration plant, to correct a bad situation which had existed for 
a number of years. In 1938 such a project was undertaken with Fed- 
eral funds and a 1-mgd filtration plant was designed and constructed. 
This station has two rapid-sand filters, each of '2-mgd capacity, and 

. the entire station is electrically operated. The raw water is pumped 


*Superintendent of Water and Sewers, Rockport, Mass. 
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from the lower-lift station, which was the original old steam plant and 
is now fully electrified, into the filtration plant, where the necessary 
chemicals are added. At the present time it is found that pre-chlorin- 

ation, pre-lime, alum, activated carbon, post-lime and post-chlorina- 

tion work most advantageously for the filtration process. Especially 

during parts of the summer months as much as 16 ppm of chlorine 

is necessary for pre-chlorination, in order to cope with the algae, even 

after several doses of copper sulphate, equivalent to 6 Ib per mil gal, 

are applied to the pond. It is believed that the raw water is perhaps the 

most difficult to process in this section of the country, and full credit 

is given to the operators, who from experience are furnishing a fin- 

ished water which is low in color, of excellent quality and far superior 
to what the town had during its earlier days of operation. 

As another source of supply the town made studies and under- 
took steps to develop a driven-well field, and now has 21 tubular 
wells, averaging 26 ft in depth. From this source some 55 mil gal are 
obtained each year. This auxiliary source was intended to furnish the 
town’s needs during the winter and spring, and thereby minimize the 
amount needed from Cape Pond. For the most part this nearly meets 
the requirements of the town. In recent years, however, there has 
been a shortage of water, because of increased demand, due to ex- 
tensive sewer installations, renewal of a large number of old water 
services, and influx of people who have settled permanently in Rock- 
port. Additional demand comes from those who have established 
summer residences in the town, as well as from the week-end tourist 
trade. 

In 1946, when the writer became Superintendent, he foresaw the 
need for more water during the summer months. At times on very 
hot days, our actual demand exceeded the total pumping output of 
both the filtration plant and the auxiliary well fields. On a number of 
occasions the standpipes would be practically empty, and this left the 
town in a very critical position in case of fire or other emergency 
requirements. Under these circumstances, the town had to choose be- 
tween two courses of action, in order to remedy a serious condition 
which would in a very short time face the Water Department. 

1. We locked into the feasibility of installing water meters. On 
first thought this seemed to be a solution to our problem. Upon fur- 
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ther investigation it became clearly evident that water meters would 
ie perhaps serve only as temporary stop-gaps for what would later de- i 
; velop. Of the number of water services approximately 25% are to 2 


summer dwellings, and people who come to Rockport to spend their 
summer expect that they will be able to maintain decent grounds 
about their property. Many have nice flower gardens; others have 
vegetable gardens, and the majority have nice green lawns. Since it 
was felt that the public would not be interested in curtailment of the 
amount of water which they could use, it was finally decided that 
water meters would probably not be the answer. 

2. A study was made of the possibility of further augmenting 
the water supply from a third source. A number of plans were in- 
vestigated, and finally it was decided that the proper procedure would 
be to develop some of the abandoned quarries for reservoir purposes. 
The town of Rockport contains a number of such quarries, as a re- 
sult of an extensive granite-quarrying industry during the 19th and 
early 20th centuries. Millions of tons of granite were quarried and 
shipped to remote places, leaving huge quarry holes some 200 ft in 
depth, with a surface area of 6 acres. As the granite industry faded 
out about the year 1929, these quarries became idle and filled with 
water. It was felt that some of these quarries could be utilized as 
open reservoirs and that during periods of excessive demand the water 
in storage could be used. Permission was granted by the State De- 
partment of Public Health to seek this additional water from the 
quarries. It was indicated that the supply was of excellent quality 
and safe in all respects. Very little opposition from the voters re- 
sulted, and a program was started whereby the town purchased three 
quarries having an available watershed of some 120 acres. This prop- 
erty was acquired at a nominal price of $15,000. 

The Water Department proceeded with caution and in the first 
year set up a temporary pumping station with a centrifugal pump, 
borrowed from the auxiliary station. Water was pumped from the 
quarries directly into the mains. The only treatment necessary was 
the addition of chlorine for safety reasons, as required by the 
j Health Department. Careful checks were kept, and during the sum- 

mer of 1951 the Water Department was able to furnish the require- 
ments of all its customers. No longer was it necessary to curtail the 
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use of hose and sprinkler and, in general, the public appreciated what 
the town was trying to accomplish. 

During the fall we carefully watched the recovery rate and 
found that, by diverting two brooks into the quarry, we had ample 
recovery within a short time. The following year further steps were 
taken to improve this locality, and a masonry dam, some 30 ft in 
height and 60 ft in length, was constructed across a gap. This im- 
provement made it possible to increase the storage facility of this 
particular quarry by an estimated 75 mil gal. Shortly after the dam 
had been completed, seasonal fall rains came, and within a few weeks 
the quarry had recovered all that the Department had pumped dur- 
ing the summer and was filled to capacity. 

During the years 1953 and 1954 we used this new source of sup- 
ply continuously from early April until late in the fall, and each year 
the recovery has been excellent. It is now planned to construct a per- 
manent pumping station, having turbine pumps and being capable of 
operation in winter, in the hope that this new source of supply will 
eventually become the main source of water for the town. 

In conclusion, it may be pointed out that what at first appeared 


to be almost an impossibility has gradually been developed into some- 
thing which the town can consider itself fortunate to have. Our sincere 
hope is that the water situation in Rockport has been corrected to 
such an extent that the general public will be more than well satis- 
fied that the water in Rockport will be sufficient without further re- 
striction. 
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REALISTIC LIMITATIONS OF FLOW-MEASUREMENT 
RANGEABILITY AND TOLERANCE 


BY LELAND K. SPINK* AND RICHARD C. TAMM# 


[Read September 21, 1955.) 


It is doubtful if there are any two words in the English language 
which are subject to as wide a variety of interpretation as the words 
“rangeability” and “tolerance”. The application of these terms to flow 
meters has been a constant source of confusion to both the user and 
the manufacturer. 

To the manufacturer, the simplest expression of flow-meter cali- 
bration uncertainty is in terms of per cent of the full scale of the 
meter. This value is most logicaliy a constant figure, regardless of 
the point of operation on the meter scale, because the usual bugaboos 
of manufacturing are friction and lost motion, and these are likely 
to be as great at 10% of the scale as at 100%. 

To the meter user, on the other hand, if he plans to use the meter 
most of the time at readings of 20% or 30% of the scale, the calibra- 
tion tolerance at full scale is less important than the meaning of this 
tolerance in terms of flow at his operating conditions. There would 
seem to be a real need for a means of expressing the manufacturer’s 
guarantee in terms which have a useful meaning to the user. 

The use of the word “tolerance” in the sense intended by the 
authors is a moot point, because of the common association of this 
term with the machining practice, in which the term “tolerance” 
means the maximum allowable error. However, it will be found that 
the Webster definition of the term “tolerance’’ does not tie it to a 
maximum value. The term has been adopted by the International 
Standards organization as applied to a probable variation in the co- 
efficient of a primary device, and seems to apply as well to the un- 
certainty of overall measurement results. 

The Power Test Codes Flow Material Subcommittee of the 


*Engineer in Charge of Flow Measurements, The Foxboro Co., Foxborough, Mass. 
+Prodact Engineer, The Foxboro Co., Foxborough, Mass. 
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ASME Fluid Meters Research Committee was given the task of as- 
signing coefficient tolerances to different types of primary devices a 
number of years ago. The discussions in this Subcommittee brought 
out the fact that even in teaching and scientific circles there was no 
standard mathematical meaning for the word “tolerance”. A _ root- 
mean-square value, calculated from the data, was used in some cases. 
The probable error, which means that as many of the results would 
be less than the probable error as would exceed it, was sometimes 
used. However, in scientific work the most common interpretation 
was the value which would insure that less than 5% of the results 
would fall beyond the specified error. The meter user is probably 
most interested in the maximum value, but mathematically this 
would approach infinity and would thus be meaningless. The 95% 
probability value seemed to the members of this Subcommittee to be 
the nearest mathematical approach to what the meter user wanted and 
was adopted. 

For a starter, suppose we use the definition of measurement 
tolerance as the percentage within which 95% of the flow measure- 
ments with a given meter would fail. Without due thought given to 
the matter, one might say that this would be something less than 
the maximum error observed in the calibration of the instrument, but 
this is not necessarily true. Most calibrations are performed under 
reasonably ideal conditions in the instrument factories. Therefore, it 
should be realized that under field operations, where ideal conditions 
do not always exist, additional errors must be considered. Such things 
as expansion and contraction of mercury with ambient temperature 
changes; expansion and contraction of charts with relative humidity; 
flow-condition changes affecting primary-device coefficients, and vi- 
bration effects may all cause meter uncertainties. 

In applying this theory, if one source of error or uncertainty 
is highly predominant, the effect of other small sources of variation 
are minimized in the over-all result. At high rates of flow, the co- 
efficient tolerance may predominate, but at low rates of flow it is 
quite likely that the instrument-calibration tolerance will smother all 
other sources of uncertainty. 

Thus, we come to the question of a definition of “rangeability”’. 
Without a clear definition of “rangeability”, a manufacturer could 
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claim that his meter had infinite rangeability, because it would read 
from zero up to full scale, and the ratio of maximum reading to mini- 
mum reading would be infinity. Fortunately, we know of no manu- 
facturer who is so unscrupulous. However, there is still a tremendous 
latitude for degrees of conservatism of rangeability claims. It would 
seem, from the user’s standpoint, that he is interested in the ratio of 
maximum measurable flow to the minimum flow at which the meter 
will give readings within his allowable tolerance. Thus, one user who 
requires a very low tolerance will have a meter rangeability of 3:1, 
whereas another user, who is not as interested in accuracy at low read- 
ings, will accept a higher allowable tolerance and will obtain from 
the same meter a rangeability of 10:1. Therefore, to impart a mean- 
ing to the expression, “rangeability”’, a statement of the measurement 
tolerance at the minimum flow rate must be included. 

An intelligent study of the subject of rangeability requires a 
clear distinction between multiplication errors and constant errors. 
A pure multiplication error is zero at zero flow and has no effect 
on rangeability. Errors caused by friction, lost motion, and similar 
effects, as well as by inability to detect small motions of the pen, 
may be just as large in terms of instrument scale at zero as at full 
scale. This does not mean that the error in terms of per cent of flow 
is constant; quite the contrary. The per cent error approaches in- 
finity at the zero reading. This is the type of error or uncertainty 
which imposes realistic limitations on the rangeability. 

This can better be understood by referring to Figure 1. In the 
example a gray shaded area at the top has been used to represent 
the possible error at full scale. The gray shaded area below repre- 
sents this same error; only the pen position has changed. The upper 
border of the shaded areas is the true reading; the lower border is 
the actual reading. In the example a pen travel of five inches has 
been used and an assumed error of 0.010". This represents 0.2 of 1% 
of full scale. Three scales are shown: pen travel (0-5”)—uniform 
scale (0-100)—and square-root scale (0-10). 

The 0.010” error is slightly larger than the upper line on the 
chart (0.008”) in Figure 2. As the constant theoretical error is ob- 
served at the lower reading, its value on the pen-travel scale remains 
the same—0.010”. The value is also the same on the uniform scale— 
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0.2—but on the square-root scale the value is considerably more than 
the original 0.01. Actually it is 0.04. 

Now on the uniform scale the pen should be indicating 9.0, but 
is actually indicating 8.8. If we divide the difference by 9.0 and mul- 


thinnest pen line 
.008"-.010" 


Ficure 2. 


tiply by 100, an error at reading of 2.2% is obtained. Thus, the 
theoretical error as a percentage of actual flow is approximately ten 
times as large at this low flow as at full scale. On the square-root 
scale the pen indicates 2.96 instead of 3.00, or a 1.33% error at read- 
ing. The rangeability of an instrument using these lower values as 
limits would be 11.1 for the uniform scale and 3.3 for the square- 
root scale. 

In order that a user can determine his own rangeabilities, two 
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formulas are introduced. If the pen travel and error, both expressed 
in inches, are known, it is a simple matter to determine either the 
rangeability or the per cent error at the minimum reading. 


[ 
\ M 


Ue 
p= x1m (2) 
M 


e = The deviation or the actual distance in inches of the pen 
from the true differential reading. 

M = Maximum pen travel in inches, measured on time arc. 

U = Rangeability for uniform scale. 

R = Rangeability for square-root scale. 

D = The error in per cent of actual flow for the uniform scale. 

F = The error in per cent of actual flow for the square-root 


scale. 


Complete derivations of the formulas are given at the end of 
the paper. 

By the use of the formula for square-root scales, Figure 3 was 
developed. Shown are three curves, representing 1%, 2%, and 3% 
errors at reading. These curves are plotted as rangeability vs. read- 
ability tolerance. That is how closely one must read a chart in order 
to obtain the desired accuracy. The dotted line at top represents the 
thickness of the upper pen line in Figure 2. The lower dotted line rep- 
resents the thickness of the thinnest chart line, also in Figure 2. 

As an example, a man has a meter which he would like to use for 
a rangeability of 10:1. He cannot have an error at reading in excess 
of 2%. What is his tolerance? If we check the curves, it is apparent 
that he must read within 0.002” of the true reading. It should be 
mentioned here that the M has been taken as 5”, because 5” is a 
larger pen travel than that used by any well-known meter manufac- 
turer. Therefore, the errors shown are actually Jess than would exist 
with an actual meter. 

Figure 4 shows the same information for the uniform scale. 
In the matter of readability, the uniform flow scale meter has 
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distinct advantages, but these may be highly illusory. If the signal 
transmitted to the pen is in error, because of zero-error effects, tem- 
perature effects, or friction or lost motion, from an operating stand- 
point lower readability at this point on the scale might be better. 
Differential-type meters all operate from a signal which is basically 
the square of the rate of flow; hence, to produce a uniform scale, the 
signal at low flow rates must be highly multiplied. Therefore, to 
the original errors must be added the errors of the multiplying means. 

Fundamentally linear type meters do not have this limitation. 
(Note: Orifice, nozzle, or venturi-type meters are not fundamentally 
linear.) The difficulty of maintaining tolerances in this type of meter 
only increases as the first power of the rangeability attempted. One 
might be inclined to say that with electronic multiplying means, which 
eliminate lost motion and can be designed to multiply the flow signal 
to an almost unlimited extent, the rangeability of this type of meter 
would be boundless. However, even in the case of electronic devices, 
we run into noise levels which place a definite limit on the minimum 
signal which can be used with accuracy. 


EXTENDING THE RANGEABILITY OF THE DIFFERENTIAL-TYPE METER 


While this study has indicated limitations in the rangeability of 
the differential-type meter, certain steps can be taken to obtain a real 
and actual increase in rangeability. 

One of the first points to be emphasized is the importance of 
choosing the proper flow range for the existing conditions. All too 
frequently in the water-works industry a meter is chosen to take care 
of flow rates which may not be encountered until years after the 
initial installation is made. It is then found that for the actual oper- 
ating conditions the meter is operating barely off the zero point on 
the scale. Better results would be obtained if it were planned to 
change the primary device or the differential range at the time when 
the anticipated increase in flow rate became a reality. 

An ingenious device for instantly changing ihe flow range of a 
meter is shown in Figure 5. The differential instrument has three 
mercury chambers. By means of the piping manifold valves, one of 
these chambers may be switched to either the high-pressure or the 
low-pressure side of the manometer. When the extra chamber is on the 
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low-pressure side of the manometer, the instrument becomes a low 
differential range and, when on the high-pressure side, it becomes a 
high differential range, since the mercury must move farther for a 
given displacement of the float. The common range combination is 25” 
and 100”. This gives a 2:1 ratio flow capacity. When a single pump 
is adequate for normal demands, but an additional pump must be 
added for high-demand conditions, the meter may be kept operating 
in the optimum part of the scale under both operating conditions. The 
design is such that no mercury is trapped in any part of the system 
at any time; hence, the need for mercury-tight shutoff valves and the 
need for zeroing the meter when changing the range are eliminated. 

Mutiple meter runs may be used to obtain a real and unlimited 
incease in rangeability. As the rate of flow increases, additional meter 
runs are cut into service, to bypass part of the flow from the primary 
meter run, and vice-versa on decreasing flows. This operation may 
be performed either automatically or manually, as desired. The in- 
crease in rangeability is geometric; that is, the rangeability of two 
meter runs in parallel is approximately equal to the square of the 
rangeability of each meter. The rangeability of three meter runs is 
approximately equal to the cube of that of the single meter, etc. 

A limited increase in rangeability may be obtained by the use 
of multiple recorders, operating from a single primary device. The 
highest range which can be used is, of course, limited by the allow- 
able pressure loss, and the lowest range by the availability of accu- 
rate low-range differential recorders. A minor limitation is imposed 
by the variation of the discharge coefficient of the primary device 
at low Reynolds numbers. With the use of several differential instru- 
ments, operating from a single primary device, the difficulty of inte- 
gration and overrange protection is increased. If integrators are used, 
means must be provided for switching integrator operation from one 
instrument to another, as the flows exceed the successive scales of 
the various differential ranges, and the overranged instruments must 
be adequately protected against the blowing of mercury or damage 
to the working parts. 
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FLOW-MEASUREMENT RANGEABILITY AND TOLERANCE 


CONCLUSIONS 


Rangeability statements are meaningless unless the permissible 
measurement tolerance at the minimum flow rates is specified. A user 
who can permit a 10% uncertainty at minimum flow rate can use a 
given meter over a greater range of maximum to minimum flows than 
one who requires 2% accuracy under all operating conditions. 

The laws of nature and physics impose certain limitations on 
the rangeability and tolerance of flow-measuring devices. It does 
not answer the problem to shut our eyes to the facts of the situation 
and demand of the manufacturer specifications which obviously can- 
not be met. 

There are three basic approaches to increesing rangeability 
without increasing tolerance: increasing the sensitivity to small flow 
signals, use of fundamentally linear flow meters, and use of multiple 
meter-run installations. Under the first classification, shaped cham- 
bers and other linearizing devices increase rangeability by increasing 
readability and sensitivity to low flow signals. Multiple recorders, 
operating from the same primary device, provide the same advantages 
without some of the difficulties inherent in linearizing devices. The 
fundamentally linear flow meter gives rangeability equal to the square 
of that of a square-root flow-scale type having the same basic signal- 
measuring tolerance. The multiple meter-run installation offers un- 
limited rangeability possibilities. 

There is one precaution which may be taken to insure obtaining 
the greatest accuracy and rangeability possible with a given meter, 
and we shall emphasize this again: choose a flow range just as near 
as possible to the maximum existing flow rate. 


APPENDIX— DERIVATION OF FORMULAS 
The following letters are used in the formulas: 


e = the deviation or the actual distance in inches of the 
pen from the true differential reading. 

M = maximum pen position in inches from zero circle, 
measured on time arc. 

m = minimum pen position in inches from zero circle, 


measured on time arc. 
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any length of pen position in inches from zero circle, 
measured on time arc. 

U = the rangeability of a uniform scale expressing the 
variable number; ¢.g., rangeability is usually ex- 
pressed as a ratio, 4 to 1. For these calculations it 
will be expressed as U to 1. 


R = the rangeability of a square-root scale. 
’ D = the error in per cent of actual flow for the uniform 
scale. 
F = the error in per cent of actual flow for the square- = 
root scale. 


Rangeability of a uniform scale can be expressed as: 


(3) 


As an example, if the maximum pen travel is 4”, and the mini- 
mum point at which a reading can be taken is 1”, substituting in the 
formula we would get: 


M 4 
1 


= 4, or rangeability of 4 to 1. 


M 
In the case of the square-root scale, the — is under a radical sign: 


m 
r=] 
m 


therefore R? = U. (4) 


This presents our first major problem in rangeability when using 
: a square-root chart. In the example above, we had a 4-to-1 range- 
ability on a uniform scale; on a square-root scale this would only be 
2 to 1. Therefore, the range has been reduced by '% just by intro- 
ducing the square-root scale. Because of the characteristics of the 
square root, the effect will increase with range increases. 


A formula must now be developed for determining the limiting 
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factor and its error. First, we shall evolve the uniform-flow-scale 
formula, beginning with the fundamental formula: 


D=1— 


r 


It can be seen that as r increases, the effect of e becomes less. 
Conversely, as r decreases, the effect of e increases. 


Since we are interested in D when ¢ has the greatest effect, r will 
be considered at a minimum value, which is m. 


Therefore, D=1— 


From (3) m 


Then p= 1 
M M 


U 
Ve 
D=| — x 100 . (2) 


To develop the same type of formula for square-root scale, our 
measurements must now be placed under a square-root sign, and a 


designation F will be used to express the error for the square-root 
scale. 


Therefore, F = 1 — 
\ 


r 
Again let us substitute m for r: 


m 


Now substituting in formulas (3) and (4): 
M 
m 


J 
{ 
m 
M 
M 
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M 
Therefore, m = — . 


(1) 


Formula 1 can now be used to develop the limits or rangeability 
and to show the error introduced by making R too large. 


— —e 
R? 43 
Then F=1— 
F= 1 — 1 — — x 100. | 
\ M 


SOURCES OF HARTFORD WATER SUPPLY 


METROPOLITAN DISTRICT SOURCES OF WATER SUPPLY 
BY WARREN A. GENTNER* 


[Read April 21, 1955.] 


October 23, 1955, will mark the one hundredth anniversary of 
the inauguration of municipal water supply service in Hartford. 

During the first 75 years of its operation the system was owned 
by the city of Hartford, but on July 1, 1930, its ownership and oper- 
ation were transferred to the newly formed Metropolitan District of 
Hartferd County, a municipal corporation created by special act of 
the General Assembly of the State of Connecticut at its 1929 session, 
having as its principal functions water supply, sewerage and regional 
planning. 

The District is presently comprised of the city of Hartford and 
six nearby towns. Water-supply service is also provided to two non- 
member towns. 


The intent of this paper is to sketch briefly the growth of the 
system, as reflected in the development of its sources of supply, and 
to describe at greater length the proposed Hogback development on 
the West Branch of the Farmington River, construction of which 
will be started within the next few months. 


The Connecticut River Supply 


At the beginning of local water-supply operations one hundred 
years ago, Hartford was a city of some 20,000 to 25,000 people. The 
original water-supply system consisted essentially of a pumping sta- 
tion and intake works on the west bank of the Connecticut River, 
from which water was pumped through a 16-inch cast-iron force 
main to an open 7-mil gal storage reservoir, located about a mile 
west of the river and 125 ft above it. From this reservoir water was 
distributed by gravity through a distribution-main network to the in- 
dividual consumer. 


*Deputy Manager and Chief Engineer, Water Bureau, Metropolitan District, 115 Broad St., Hartford, 
Conn, 
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The Connecticut River works were in active use until 1867, when 
they were, decommissioned but retained for standby service, though 
not used, until they were demolished in the early 1920's. 


‘ The West Hartford or Talcott Mountain Supply 


Some dozen years after the Connecticut River works were put 

into operation, the city, faced with the necessity of increasing its 

3 water supply, wisely decided to abandon further use of Connecticut 
River water and to develop a new gravity supply in the town of 
West Hartford, on the eastern slopes of Talcott Mountain, some six 
miles west of the city. 

Six small reservoirs were ultimately built in this area between 
1867 and 1895. Of these six reservoirs, two are no longer used for 
water-supply purposes and the remaining four, with a capacity of 
about 1% billion gallons, are operated principally as emergency re- 
serve supplies, with just enough regular use to avoid waste by spillage. 


The Farmington River Watershed Supplies 


By 1909 the Hartford system was supplying a population of 
95,000. Water use averaged 7 mgd and the need for additional sources 
of supply was becoming increasingly more urgent. 

Following thorough investigation of several watersheds both east 
and west of the Connecticut River, the Farmington River valley was 
finally chosen as offering the greatest possibilities for future water- 
supply development. 

At about this time Caleb Mills Saville began his long association 
with this system as its Chief Engineer, and it was Mr. Saville who en- 
visioned the entire Farmington River water-supply development pro- 
gram and carried to completion two of the major projects compris- 
ing that program. The Metropolitan District is indeed fortunate in 
having had the benefit of this eminent engineer’s services. 

The District’s two principal water-supply reservoirs have since 
been developed on tributaries of the Farmington River, and a third 
development, the Hogback, is about to be started. 


Nepaug Reservoir 


The Nepaug Reservoir is located in the towns of Canton, Bur- 
' lington and New Hartford, some twelve miles west of Hartford. It 


4 
7 
os 


! 
70 SOURCES OF HARTFORD WATER SUPPLY 


was constructed during the 1914-1918 period by the building of 
Phelps Brook Dam, a 1,250-foot earth embankment on Phelps Brook, 
and Nepaug Dam, a 600-foot concrete masonry dam on the Nepaug 
River, to form an 850-acre lake of about 9.5 billion gallons capacity 
at flow line 482.5 m.sl. The reservoir has a 32-sq mi tributary drain- 
age area and a 95%-year safe yield of 27 mgd. 

Water is delivered from the Nepaug Reservoir to the filter plant 
in West Hartford through a 7'%4-mile, 42-inch, cast-iron pipe line, 
originally installed in 1913-1914, which was cleaned and lined with 
cement in 1944, and a paralleling 36-inch reinforced-concrete main, 
installed in 1941-42. 


Barkhamsted Reservoir 


The 32-billion gallon Barkhamsted Reservoir is located in the 
towns of Barkhamsted and Hartland, some eight miles north of 
Nepaug Reservoir and 20 miles northwest of Hartford. This reser- 
voir stores water of the East Branch of the Farmington River, im- 
pounded by the Saville Dam, a 1,950-foot earth-fill dam, built during 
the 1933-39 period. 

Barkhamsted Reservoir, with flow line at elevation 530 m.sl., is 
8% miles long and 7% of a mile wide. It drains an area of 53.8 sq mi 
and has a safe 95%-year yield of 55 mgd. 

A 48-inch reinforced-concrete transmission main delivers Bark- 
hamsted Reservoir water directly to the two Nepaug-West Hartford 
lines or, through a branch connection, directly into Nepaug Reservoir. 


Compensation in Kind 


Each of the Farmington Valley water-supply developments has 
been complicated by the fact that the Farmington River below Ne- 
paug, the lower of the two reservoirs, is a moderately industrialized 
stream, with a number of mills and power plants scattered along its 
banks all the way to the Connecticut River, all dependent for oper- 
ation to a greater or less extent on the use of water flowing in the 
river. To them the construction of a water-supply reservoir and its 
resultant diversion of water to Hartford meant a loss in use of water 
previously available to them in the operation of their plants. Their 
opposition to the original project (Nepaug) was sufficiently formida- 
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ble to block the first attempt to win legislative authorization for the 
project. 

To overcome the opposition to the diversion of flow from the 
32-sq mi Nepaug Reservoir watershed and to compensate for its loss 
the city of Hartford agreed to construct, maintain and operate for 
their benefit a 3-billion gallon compensating reservoir, with about 
61 sq mi of free and usable drainage area, on the East Branch of 
the Farmington River in the towns of New Hartford and Barkham- 
sted, and further agreed never again to divert water from the Farm- 
ington River Valley for water-supply purposes. 

This marked the beginning of a compensation-in-kind policy, 
which has affected each subsequent water-supply development in the 
Farmington River Valley. 

Thus, in 1931, despite previous promises never again to tap the 
river for water-supply purposes, the Metropolitan District received 
legislative authority to develop the Barkhamsted supply by construc- 
tion of the Saville Dam, at the very headwaters of the previously 
constructed East Branch Compensating Reservoir, with a resultant 
loss of flow from some 53.8 of the 61-sq mi drainage area promised 
under the Nepaug agreement, which essentially voided compensation 
for the Nepaug diversion. 

To compensate for the loss of the 32-sq mi Nepaug watershed 
and the 53.8-sq mi Barkhamsted watershed, the Metropolitan Dis- 
trict agreed to build, maintain and operate additional compensating 
reservoirs, capable of impounding 7% billion gallons of water, of 
which the existing 3-billion gallon East Branch Compensating Reser- 
voir was to count as 2 billion gallons and the remaining 534-billion 
gallons storage was to be located on the West Branch of the Farm- 
ington River, with 20 sq mi of free and usable drainage area per bil- 
lion gallons of storage. 

It was further agreed that the new compensation works would 
be ready for service by January 1, 1955—a date which has since 
been extended to January 1, 1959—and, pending completion of these 
works, the District agreed to discharge 13.6 billion gallons of water 
annually (about 37 mgd) from the Barkhamsted Reservoir into the 
East Branch Reservoir for benefit of downstream users—an arrange- 
ment which in effect reduces the usable safe yield of Barkhamsted 
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Reservoir for water-supply purposes from 55 mgd to 18 mgd and the 
combined Nepaug and Barkhamsted Reservoirs’ yield from 82 to 
45 mgd. 

With some 340,000 people dependent on the District for water 
supply, and present annual use averaging 37 mgd and increasing at an 
annual rate of 34 mgd, it is essential that the present 37-mgd com- 
pensation commitment from Barkhamsted Reservoir be recaptured for 
general water-supply use without undue delay. To this end and to 
meet the compensation requirements outlined above, the District will 
build, maintain and operate for the benefit of downstream industries a 
6'%-billion gallon reservoir on the West Branch of the Farmington 
River. 

The special law authorizing the project stipulates that the nat- 
ural flow of the West Branch of the Farmington River shall not be 
held back at the dam, except such flows as shall be in excess of 
150 cu ft per second above the dam site, and the minimum flow 
through the dam shall not be allowed to fall below 50 cfs, regardless 
of the actual natural flow of the stream. 


HocBack PROJECT 


The proposed Hogback Reservoir will be formed by the construc- 
tion of a dam on the West Branch of the Farmington River, at a 
prominent constriction in the narrow river valley about two miles 
upstream from the village of Riverton. The lake thus formed will 
have an extreme length of 4 miles, a maximum width of 0.4 miles, 
average depth of 36 ft (maximum 110 ft at the dam), a surface area 
of 560 acres at flow-line elevation 641 m.s.l., which is 111 ft higher 
than Barkhamsted Reservoir, and a total free usable drainage area 
of 104 sq mi. 

Ultimately a three-mile tunnel will be constructed through the 
ridge separating the two valleys, making it possible to deliver about 
500 mgd of West Branch flood water into the Barkhamsted Reservoir 
for general water-supply purposes. The proposed tunnel section is 
horseshoe-shaped, 7’-3” wide and 8’-2” high, with a 6- to 8-inch con- 
crete lining, and the first 675 ft of the tunnel will be built under the 
Hogback Dam contract. 

The Hogback project also involves the relocating and building 
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of a 2'4-mile section of State Highway Route 8 in Colebrook, Conn., 
and a connecting one-mile section in Sandisfield, Mass., as replace- 
ment for a section of this highway which will lie in the proposed res- 
ervoir basin. The Connecticut section of this relocation has been com- 
pleted and work is now in progress on the Massachusetts section, 
which is scheduled for completion this fall. 

Also involved in the project was the removal and consolidation 
of four cemeteries in a new site off the watershed. A section of town 
road which crosses the dam site will be abandoned and replaced by 
a 4,800-foot section of road, to bypass the east end of the dam and 
connect with an existing road to the east. Construction of this road 
is included in the contract for the dam. 


Hogback Dam 


The principal feature of the Hogback project is, of course, the 
dam itself (see Figures 1 and 2). 

Preliminary investigations for this structure, extending over a 
period of several years, have included aerial and topographical sur- 
veys, electrical observations to determine the depth to rock and 
character of overburden, the making of some 65 core borings at the 
dam site, and the collecting and laboratory testing of numerous sam- 
ples of materials from upstream areas, to determine the availability 
and suitability of materials. 

The results of these investigations indicated that the underlying 
rock at the dam site is schist with an average overburden of 7 ft 
(principally sand and gravel), and that the site is favorable for either 
an earth-fill or masonry dam. 

The decision to build an earth dam is due to an indicated saving 
in cost plus the disclosure that there is an ample supply of suitable 
material for this type of dam within 2 to 3 miles of the site, but 
that suitable native material for concrete aggregate would require 
considerable processing to make it acceptable for use. 

The principal dimensions of the dam as planned are as follows: 


Length 800 ft 
Maximum height above stream bed 125 ft (above rock, 135 ft) 
Maximum base thickness 700 ft 


Thickness at flow line 140 ft 
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Top width 62.5 ft 


Freeboard 15 ft 
Length of spillway 900 ft 
| Total volume of embankment 650,000 cu yd 
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GENERAL PLAN 


In section the dam is a combination of an earth-fill and rock-fill 
dam. The soil core and downstream portion of the embankment fol- 
low conventional lines of an earth-fill dam, and the upstream shell, 
that of a rock-fill dam. 

The soil core on which the dam depends for watertightness is 
founded on sound rock and is centered on the center line of the dam. 
It has a maximum base thickness of about 100 ft and rises with 3 on 1 
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side-batters to a height of 12 ft above normal reservoir flow-line, 
where its thickness is 18 ft. The underlying rock surface will be cov- 
ered with a 2-inch layer of gunite prior to the placing of soil-core ma- 
terial, to prevent any appreciable leakage underneath the core, and 
as further precaution a small concrete cut-off rib, four feet high, will 
underlie the soil core throughout its length. 


Seams in the underlying rock foundation are to be thoroughly 
grouted through two lines of grout holes, 25 to 30 ft deep, located 
under the cut-off rib and 21 in. on either side of its center line. Grout 
holes are to be spaced not more than 15 ft center to center on each 
line and staggered. 


MARIMUM SECTION 
veer 


Fic. 2. 


Flanking the soil core, up and down stream, are belts of sandy 
filtering material. The balance of the upstream shell is of rock fill, 
to be obtained as rock spoil from diversion-conduit and _ spillway- 
channel excavations, and the balance of the downstream shell is com- 
posed of sandy gravel material. Low cofferdams, to control the flow 
of the stream during early construction stages, form the upstream and 
downstream toes of the completed structure. 


The slopes of the faces of the dam are generally 1 on 2% to 1 
on 2%, the tops of the cofferdams forming 20-foot berms on both 
faces of the dam, with an additional 8-foot berm on the downstream 
slope, about midway between the lower berm and the top of the dam. 
The upstream face of the dam and the lower cofferdam will be sur- 
faced with roughly graded riprap, and the downstream face will be 
covered with 12 in. of topsoil and grassed. 
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Extending across the top of the dam will be a 30-foot service 
road, paralleled by rubble parapet walls. 
Diversion Conduit 


The diversion conduit, a reinforced-concrete horseshoe-shaped 
structure, 428 ft long, 38 ft 6 in. wide and 35 ft high, with walls 


MATERIAL NOT SHOWN =y~~ 


ORIGINAL SURFACE OF GROUND 


ORIGINAL SURFACE OF ROCK >= 


7 
3,500-LB REINFORCED -~ » 
CONCRETE 
giATERPROOF ING 7 


/ 
CONCRETE FILL UPPER CONSTRUCTION JOINT 
Ss 


LOWER CONSTRUCTION JOINT 


3,500-LB REINFORCED © 3,500-LB REINFORCED CONCRETE FLOOR 
CONCRETE ABUTMENT 


DIVERSION CONDUIT 


18 in. thick at the crown, is located in rock on the east side of the 
valley (see Fig. 3). Its construction will involve some 75,000 cu yd 
of rock excavation. 

Its function is to handle normal and flood flows of the stream 
during the construction period and to discharge regulated flows for 
downstream users thereafter. It was designed to discharge 27,000 cfs 
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of water, equivalent to the maximum West Branch flood of record, 
without overtopping the upstream cofferdam. 


Spillway and Spillway Channel 


The Hogback Dam spillway weir, on the east side of the valley, 
is a concrete ogee-shaped structure, 900 ft long, with a 15-foot ap- 
proach apron on the reservoir side (see Fig. 4). It will be securely 
anchored to its rock foundation, to counteract ice pressure, and the 
same grouting procedure will be followed for sealing the underlying 
rock seams as are to be used under the soil core. 
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The spillway weir has been designed to discharge 92,000 cfs 
of water with reservoir at elevation 650 (9.0 ft above normal flow 
line) under a designed inflow rate of 800 second feet per square mile, 
as compared with 500 second feet per square mile for the Saville 
Dam spillway design. 

The spillway channel is almost wholly in rock. It will be 1,840 ft 
long, about 900 ft of this being opposite the weir. The channel invert 
will be 72 ft wide with rock side-wall slopes of 4 on 1. The maximum 
depth from invert to original rock surface is 80 ft, and its construc- 
tion will involve about 330,000 cu yd of rock excavation. The channel 
B will be spanned by a reinforced-concrete arch bridge, to carry the 
service road acrdss the dam. 

For sanitary reasons, Mill Brook, which drains some 5‘ square 
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miles of a cottage resort area, will be permanently diverted from the 
reservoir into which it would normally drain and will discharge into 
the upper end of the spillway channel. 


Model Tests 


To test the adequacy of the design of the Hogback Dam outlet 
works, a 1-to-50 scale model of the dam was built and tested at the 
Alden Hydraulic Laboratory of Worcester Polytechnic Institute. 

Not only did these tests meet all design requirements (27,000 
sec ft for the diversion conduit and 92,000 sec ft for the spillway 
weir) with very satisfactory flow performances, but further tests in- 
dicated that a flow of 143,000 sec ft (about 54 times the maximum 
flood of record) could be safely handled, with a 2'4-foot freeboard 
on the dam, and that the spillway channel would safely discharge this 
amount with an additional assumed 12,000 sec ft from Mill Brook. 


Gate House 


The 45-foot-square reinforced-concrete gate-house structure rises 
from the diversion conduit to the top of the dam. Exposed surfaces 
of the structure will be faced with granite, and it will house the neces- 
sary equipment for regulating the delivery of water to Barkhamsted 
Reservoir and downstream. 


Personnel and Organization 


For the Hogback project, Dr. Charles P. Berkey, former geolo- 
gist at Columbia University, has acted as consultant geologist; Dr. 
Karl Terzaghi and Dr. Leo Casagrande of Harvard University were 
consultants on soils and materials of construction; and Karl R. Ken- 
nison, Chief Engineer of the New York Board of Water Supply, and 
Thomas H. Wiggin, Consulting Engineer of New York, have served 
as consultants on the review of the design and plans for the dam. 

Manning W. Heard is Chairman of The Metropolitan District 
Commission of Hartford County; John T. Welles is Chairman of the 
Water Bureau, and William A. D. Wurts is District Manager. The 
general conduct of the work is under the direction of Warren A. 
Gentner, Deputy Manager and Chief Engineer of the Water Bureau, ‘ 
and the work of design and specifications has been done under the 
supervision of William Dorenbaum, Chief Designing Engineer. 
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CONSTRUCTION OF THE EAST TRANSMISSION MAIN 
IN HARTFORD AND EAST HARTFORD, CONN. 


BY GILBERT U. GUSTAFSON* 


[Read April 21, 1955.) 


The East Transmission Main was the extension to East Hartford 
of an existing transmission main in Hartford, to provide necessary 
additional transmission facilities to supply East Hartford. This paper 
will discuss briefly the necessity for the construction of the East 
Transmission Main, the selection of route and pipe sizes, and some 
features of construction that are not usually encountered in pipe- 
line installations. 

Prior to the construction of the East Transmission Main, East 
Hartford was supplied by water from Hartford through pipe-lines 
across the Bulkeley Bridge, augmented by a small reservoir supply 
in Glastonbury, yielding about 114 mgd, which took care of Glaston- 
bury and a small section of East Hartford. 

One 16” and two 10” permanent lines and one temporary 16” 
exposed line extend across Bulkeley Bridge. One 20” and one 12” 
line extend east from the bridge to Main St., East Hartford. Rates 
through these lines on extreme summer days have probably been as 
high as 14 mgd, with resulting pressure losses from the west or Hart- 
ford side of the Connecticut River to Main St., East Hartford, as high 
as 40 Ib per sq in. 

The State Highway Department is proposing construction of a 
riverfront road on the Hartford side of the Connecticut River, with a 
two-level intersection at the west end of Bulkeley Bridge. Mainte- 
nance of service of the water lines on Bulkeley Bridge will likely 
prove very difficult during periods of construction. 

The severe loss of pressure, the possibility of interruption of serv- 
ice to the present pipe-lines, plus the undesirable feature of having 

: the principal feeder lines all located on one bridge were the princi- 


*Associate Chief Designing Engineer, Water Bureau, Metropolitan District, 115 Broad St., Hartford, 
Conn. 
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pal reasons for the construction of the East Transmission Main. Inci- 
dentally, the main plant of Pratt and Whitney Aircraft is located in 
East Hartford. This plant is the largest individual user of water in 
The Metropolitan District, the amount of use being about 14% of the 
District’s total. 

Selecting a route for the East Transmission Main was a compara- 
tively easy task. Four to five years ago, two 5-mil gal storage reser- 
voirs (actually a 10-mil gal basin with a division wall) were con- 
structed on Cedar Mountain, in the southern section of Hartford, to 
function as balancing reservoirs. These reservoirs were tied into the 
existing system by the construction of large transmission mains, one 
of which extended east in Hartford and terminated as a 36” line 
at Airport Rd. and Wethersfield Ave., a natural starting point for 
a new line to East Hartford. In addition, the projection of a line 
approximately due east from this point wound up practically at the 
front door of the Pratt and Whitney Aircraft plant in East Hartford. 

The route selected, therefore, started at Wethersfield Ave. and 
Airport Rd. and followed east on Airport Rd., north on Brainard 
Rd. and east on Maxim Rd. to Clark Dike, located on the west bank 
of the Connecticut River (see Plate I). Maxim Rd. is located along 
the north side of Brainard Field, Hartford’s airport. It was consid- 
ered desirable to have two lines across the Connecticut River, to in- 
sure continuity of service in case of difficulty with one of the lines, 
even though in the past no trouble has been experienced with the 
concrete pipe lines. The two-line idea was extended in East Hartford, 
with one line extending south on Riverside Drive and east on Ensign 
St. and connecting to an existing line in Main St., and the other line 
extending north on Riverside Drive, east on Colt St. and north on 
Main St. a short distance, and connecting to another existing line in 
Main St. 

In order to provide for further growth in East Hartford, as well 
as the possibility of supplying Glastonbury at some future date with 
water from Hartford and extensions into adjacent towns, 36” was se- 
lected as the economical pipe size for the section in Hartford as far 
as Clark Dike and 24” for each of the river lines and sections in East 
Hartford, without seriously affecting pressures in East Hartford 
during periods of peak demands. Because of the Bureau’s very 


‘in 
4 
y 


ADELAIDE s 


PRESTON sr |W 


~LEDYARD st 


PRESENT 
36" WATER 
STANDISH sT 
<36" REINFORCED 


CONCRETE 
CYLINDER PIPE 


5 
MEADOW sr Wy 
¥ 
< 
I 
| 
| | 
| 
CHAPIN | 
PLACE 
WW 
| // 
2 
/ LZ a 
re) /, Vin 
Uf 
QLOS PL ace | 
/ 
/ 


36" REINFORCED CONCRETE 
CYLINDER PIPE——~_ 


HANGERS 
BRAINARD FIELD 
4 
, 
/ 
/ 
/ 
HARTFORD 
/ 
iy 
/ 
/ 
/ 
/ 
Y/AIRPORT \ 


/ HOMES 


PLAN OF EAST TRANSMISSION MAIN 


q 
400 800 FEET 
SCALE 400 0 FEE 


Prate I. 


/ 
/ \ 
ag 

|< 
4 A 

4 Ly, 

/ 

/ 
/ 


PRESENT WATER 


i6"CAST IRON PIPE 


24" REINFORCED CONCRETE 
CYLINDER PIPE 


PRATT & WHITNEY 


24" REINFORCED ¥| AIRCRAFT 
ETE CONCRETE 2 
SUBAQUEOUS PIPE 
PRESENT 16" WATER 
24" REINFORCED CONCRETE 
CYLINDER PIPE 
\ 


EAST HARTFORD 


| 


x 
ra) 
x< 
a 
< % 


CONNECTicur RIVER 


——_ COLT sj 
L_crosey_ ST. 4 
/ | 
Jer 
/ \ 
BREWe S 
/ 


vf 
I 
é 
ak 
na 


>. 


G. U. GUSTAFSON 


81 


favorable experience with concrete pipe, from both initial cost and 
maintenance angles, the plans and specifications were set up on the 
basis of reinforced-concrete cylinder pipe for the land sections and 
reinforced-concrete subaqueous cylinder pipe for the two lines across 
Clark Dike and under the Connecticut River. Both land and sub- 
aqueous pipe utilized bell-and-spigot steel joint rings and rubber gas- 
kets. This project involved about 7,600 ft of 36” pipe, about 3,700 ft 
of 24” pipe for the land portions, and about 3,400 ft of 24” sub- 
aqueous pipe. 

The construction of the East Transmission Main was somewhat 
out of the routine pipe-line work, in that it involved crossing a main 
artery of the State Highway network, the Clark Dike and the Con- 
necticut River. 

STATE HIGHWAY CROSSING 


The Hartford section involved the crossing of the so-called South 
Meadows Expressway, which is the section of the Wilbur Cross High- 
way by-passing Hartford. This highway is very heavily travelled— 
particularly so during certain hours of the day, when traffic is aug- 
mented by very considerable commuter travel. Actually Airport Rd. 
overpasses the Expressway by bridge, but since there was no room 
on the bridge for a sizeable pipe, it was necessary to follow down 
along the toe of the Airport Rd. embankment and cross under the 
Expressway. 

The State Highway Department would not consider an open-cut 
installation, unless it could be definitely proven that there was no 
other means of crossing the highway. Consideration, therefore, was 
given to jacking a pipe under the highway. 

As the Lock Joint Pipe Co. advised against jacking the 36” re- 
inforced-concrete cylinder water pipe, consideration was given to jack- 
ing an envelope pipe and installing the concrete pipe inside. The 
Expressway consists of two concrete sections, each 26 ft wide, with a 
10-foot dividing strip. In order to clear the shoulders, plus the fact 
that the crossing was on a slight skew with the highway, jacking 
was necessary for a distance of about 88 ft. In order to clear drainage 
ditches, located on either side of the highway, with adequate cover, 
it was necessary to locate the top of the 36” pipe about 8 ft below 
the grade of the highway. 
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To determine at the start if jacking was feasible, borings were 
taken on the proposed line on either side of the highway, just outside 
the shoulder areas, and in the dividing strip. The samples from the 
borings showed a silt in the west and center holes and a fine to coarse 
sand in the east hole, both of which materials were suitable for jack- 
ing operations. 

Because of the Bureau’s previous and successful experience with 
jacking reinforced-concrete culvert pipe, it was decided to use the 
same type of pipe in this operation. A minimum inside diameter of 
66” was required, to allow space enough between the outside of the 
36” water pipe and inside of the envelope pipe, to permit installation 
of the water pipe and placing the jointing material in the annular 
recess on the outside of the water pipe. The specifications required 
the envelope pipe to be hand-cast, tongue-and-groove, extra-strength, 
reinforced-concrete culvert pipe, suitable for jacking and conform- 
ing to A.S.T.M. Specification C76, furnished in either 4-foot or 
8-foot lengths. 

The sheeting for the jacking pit, the backstop or reaction block, 
jacking frame, jacking head, guide tracks and size and number of 
jacks were all details left to the Contractor, subject to the approval 
of the Engineer. However, to minimize chances of “freezing’’, the 
Contractor was required to carry on the jacking work continuously, 
around-the-clock. In addition the jacking item required the installa- 
tion and operation of a well-point system, to lower the ground-water 
level sufficiently to stabilize the material and to keep the pipe, being 
jacked, free of water. Since the well-points obviously could not 
parallel the operations across the highway, they were installed on 
either side of and paralleling the highway, for a distance of about 
50 ft. As a matter of fact, a large part of the section of pipe-line in 
Hartford is located in low-lying land, known as South Meadows, with 
comparatively high ground water, which necessitated the installation 
of well-points for about 4,400 ft of pipe line, provisions for which 
were included in the specifications. 

The 66” envelope pipe was jacked without any unusual inci- 
dents. A steel-plate cutting edge was affixed to the outside of the 
front end of the forward pipe. Two men were used inside the pipe, 
to dig out the material as the pipe was jacked forward. The material 
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was loaded into a metal container, which was transported back and 
forth to the jacking pit by means of a small dolly. Two 250-ton hy- 
draulic jacks with 20-inch travel were used by the Contractor. The 
hydraulic pressure for the jacks was supplied from one pump. 

A total of about 90 hours was consumed in jacking the 88 ft of 
pipe, which time included all incidental operations. Eight-foot lengths 
of pipe were used. The line and grade of the jacked pipe finished 
within an inch of the line and grade shown on the contract drawings. 

After the jacking operations were completed, the 36” water pipe 
was slid inside the envelope pipe and assembled in the usual neanner, 
with the space between the water pipe and envelope pipe finally filled 
with sand, placed hydraulically. 


CLARK DIKE CROSSING 


Clark Dike, at the location of the pipe-line, is an earth embank- 
ment about 25 ft high and 16 ft wide at the top, with 1 on 3'% slope 
on the land and 1 on 2% on the river side. The dike was built by the 
Corps of Engineers, U. S. Army, but is owned and maintained by the 
city of Hartford. Preliminary discussions with Charles W. Cooke, 
Director of Public Works of the city of Hartford, revealed the fact 
that he looked with favor upon a pipe crossing that would follow the 
surface of the dike, with the pipe contained in a concrete trough, 
so that in the event of a pipe break, the water would tend to follow 
down the trough without eroding the dike. 

Since two lines were already decided upon for the river cross- 
ing, it was considered desirable to carry two lines across the dike also, 
as a safeguard in the event of failure of a dike line during a period 
of high water in the river. The lines across the dike were located 
25 ft apart. Preliminary borings were made on each line on the river 
side of the dike, to ascertain the depth of the impervious material, 
since it was required that construction should not penetrate the full 

> depth of the impervious material. 

The troughs consisted of U-shaped reinforced-concrete sections, 
10” thick, for each line, with an inside width of 6 ft and an inside 

P height of 4% ft. The 24” concrete pipe was installed directly on 
the floor of the troughs. The troughs were then filled with sand and 
surfaced with top-soil on the land side and riprap on the river side, 
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the thought behind the sand being that it would afford protection to 
the pipe and yet be easily washed out in the event of a pipe break, 
and the escaping water would thus be confined principally in the 
trough. 

The trough on each pipe-line ended at the top of the slope, with 
a return or end wall across the pipe. Each pipe-line across the top 
of the dike, after installation, was embedded in a concrete block. The 
concrete block was poured directly against the bottom and sides of 
the trench excavations, so that between end walls at the upper ends 
of the troughs there would be an effective water-stop across the top 
of the dike, reducing the possibility of any seepage. 

At the dike, pressures in the pipe run as high as 120 lb per sq in. 
Instead of constructing large anchorage blocks for the bends involved, 
particularly the over-the-top bends, the specifications required cast- 
steel anchor sockets on the spring line at the ends of each pipe, to 
receive cast-steel lugs, with the cast-steel lugs in turn receiving steel 
bolts across the joint. Special steel rods were built into the pipes, 
running longitudinally along the pipe, welded to the anchor sockets 
at opposite ends of the pipe. By thus tying the lengths of pipe 
together, the forces tending to move the bends were balanced and the 
need for anchorage.blocks was eliminated. 

The plans for the dike crossing were approved by the city of 
Hartford and in turn by the Corps of Engineers, U. S. Army, who 
exercise control to the extent of seeing that the integrity of the dike is 
properly maintained. 


CONNECTICUT RIVER CROSSING 


As stated previously, two lines across the river were decided 
upon, so that in the event of failure of one line, the second line would 
still be functioning. The center-to-center distance between lines was 
made 25 ft. Preliminary soundings were taken to determine the pro- 
file of the bed of the river, and the Corps of Engineers, U.S. Army, 
contacted for information on requirements and procedure necessary 
for a permit for the construction of the pipe-lines. 

The Corps of Engineers specified that the top of the pipes 
be 6 ft below the 15-foot project depth of the 150-foot-wide Federal 
project channel, located on the east side of the river and 3 ft below 
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the natural bottom for the remainder of the crossing. During nego- 
tiations the Corps of Engineers changed the 150-foot width of the 
project channel to a 250-foot width. In order to minimize definitely 
the possibility of any damage to the pipe-lines, particularly during 
the periodic dredging of the navigable channel, the plans were pre- 
pared with the top of the pipes 8 ft below the 15-foot project depth 
of the navigable channel and 5 ft below the natural bottom for the 
remainder of the crossing. 

After preparing and submitting the necessary plans, approvals 
for the pipe-line crossings were obtained without difficulty from the 
Flood Control and Water Policy Commission of the State of Con- 
necticut and the Corps of Engineeers, U.S. Army. Permission was 
also obtained from the Corps of Engineers to dump material from 
the river trench excavations, on the west side of the river about 
3% mile downstream from the location of the pipe-line crossings. 

Fourteen borings were taken in the river on a line midway be- 
tween the two pipe-lines. The borings were located 100 ft center 
to center. These borings disclosed that, at the level of the pipe, 
varved clay persisted for the major portion of the crossing, with a 
short stretch of medium to coarse sand near the west bank. 

After discussing the problem with several large contractors, ex- 
perienced in marine construction work, it was decided to install the 
pipe on a continuous prepared bed, rather than resort to the use of 
piles and pile bents. Plans were prepared requiring a trench excava- 
tion a minimum of 5 ft in width at a point at least 18 in. below the 
bottom of the pipe, with side slopes no steeper than 3 to 1. A gravel 
or crushed-stone base, with aggregates 34” to 1'%” in size, was re- 
quired, to provide a continuous bearing for each pipe. It was further 
required that the trenches be refilled to the present bed of the river 
with gravel or crushed stone, after the installation of the pipe. This 
specification was modified during the course of the work to require 
backfill only to a point 5 ft above the top of the pipe. 

The 24”, reinforced concrete, subaqueous cylinder pipe has a 4” 
shell thickness, as compared with 3'4” for the comparable land pipe. 
The details of the joint permit a 2” joint opening in the subaqueous 
pipes, as compared with a 1” joint opening in the comparable land 
pipe. In addition, the subaqueous pipe has cast-steel anchor sockets 
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on the spring line at the ends of the pipe. The anchor sockets are 
welded to anchorage assemblies in the pipe. Cast-steel lugs are in- 
serted in the sockets and the lugs in turn receive steel bolts across 
the joint, which are used as drawbolts. 


The principal floating equipment included two lighters (floating 
cranes), three scows (flat-top barges) and a tug. Since the lighters 
and scows were not equipped with power for water movements, a 
tug was needed on the job. The lighters were moored by cables to 
points on the nearest shore and to anchors in the river, marked by 
buoys. There was generally a scow alongside a lighter. 

River traffic proved to be very annoying in performing the oper- 
ations across the navigable channel. Whenever any barges, tankers 
or other sizeable craft approached, it was necessary to pull the lighter 
and scow to one side and then pull them back and realign them after 
the passage of such other craft. As is so often the case, or at least 
seemingly so, while the contractor was busy away from the channel, 
there was virtually no river traffic. But while operations were under 
way in the channel, the greater part of the day was spent in moving 
the lighter and scow to clear the way for the river traffic. 

Excavations for the trenches were made by a lighter utilizing a 
clamshell bucket. The excavated material was loaded onto a scow, 
equipped with temporary side panels. When a scow was filled, it 
was brought downstream by the tug to the dumping area. Here the 
temporary side panels were removed, and the spoil material was 
pushed over the sides of the scow by means of small bulldozers, op- 
erated on the deck of the scow. When the trench excavations were 
to subgrade, the crushed-stone base was placed by clamshell, a scow 
loaded with crushed stone being used as the carrier. The crushed 
stone was spread by the divers by means of air jets, with minor help 
from the feet of the divers. ' 

The crushed stone was trucked to the river from the quarry and 
chuted directly from the trucks onto the scows from a timber trestle, 
built on the east bank of the river. 

Lines and grades for the excavation work, placing of the crushed- 
stone base, and installation of the pipe were set by transit and precise 
level from the nearest shore. The rod consisted of a comparatively 
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sizeable pipe, to avoid as much bending as possible from the river 
current. Graduations were painted on the pipe. 

The diver’s visibility below the surface of the water was limited 
to a scant few inches. Even on the brightest day, sunlight did not 
penetrate too deeply, because of the mud and silt in suspension. Most 
of the work below the water surface, therefore, was by touch alone. 
A phone installed in the diver’s helmet was his only contact with the 
lighter above. The diver’s phone ran to an amplifier on the lighter 
and could be heard all over the lighter. However, the diver could 
only receive messages from above when the speaker depressed a key 
on the phone box. 

After the checking of grade and completion of the crushed-stone 
base, a section of pipe was lowered by the lighter crane into the river. 
Care was exercised in slinging the pipe before lowering, so that 
the lugs were exactly on the horizontal center line, to match the po- 
sition of the lugs on the pipe already in place. The divers guided the 
pipe and, by instructions over the telephone system, advanced the 
pipe to engage the section previously installed. The divers, one on 
each side of the pipe, then engaged the drawbolts with the section 
previously installed and, by means of a ratchet wrench, took up on 
the nuts evenly, drawing the spigot into the bell until the pipe was 
“home”. Then, to allow for flexibility in the joint, the drawbolt nuts 
were backed off about 14”. 

During installation the pipe was checked for line and grade. If 
the grade of the bed proved slightly high, as was generally the case, 
the pipe was dropped gently once or twice; or, if slightly low, the 
air jet was used to reshuffle the stone to build it up. Generally only 
one pipe length of 16 ft was installed at a time. However, near the 
end of the job, two lengths were occasionally handled at a time. 

After installation of a length or two of pipe, crushed-stone back- 
fill was placed by clamshell at least to the top of the pipe. The fill 
was brought up evenly on either side, to insure no movement of the 
pipe. Later an additional foot or two of crushed-stone fill was added 
by clamshell, with the remainder of the fill placed by pushing the 
crushed stone over the side of the scow by means of the bulldozers. 

At the start of the pipe-installation work in the river it was no- 
ticed that overnight settlement of the pipe was taking place. In 
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checking over a period of days, this settlement in some cases con- 
tinued to increase, without uniformity, to a total in a few instances 
of 3”-4”, with a resulting joint opening approaching 1”. 

The help of Dr. Arthur Casagrande of Harvard University was 
obtained, to attempt to find the reasons for the settlements. Dr. Casa- : 
grande stated that he was very familiar with the characteristics of 
the varved clay in this region and that it was inconceivable that the 
undisturbed clay below the pipe would cause any objectionable set- , 
tlements due to removal and replacement of load. It was his thought 
that the settlement which occurred could be explained only on the 
basis of mud which accumulated on the bottom of the trench prior 
to the placement of the crushed-stone base, or mud which accumu- 
lated on top of the crushed-stone base prior to the placement of the 
pipe. To prevent any undue settlement, it was his recommendation 
to install the crushed-stone base for the pipe without delay after the 
excavation of the trench had been completed, and to follow this 
immediately with the laying of the pipe. This recommendation was 
followed and only minor settlements were noted thereafter, probably 
due to the natural rearrangement of the stone base. 

The north or upstream line was completed prior to the start of 
the second line. One lighter was used exclusively for excavation work, 
excavating the trench continuously to within a foot or two of the sub- 
grade. The other lighter excavated the last foot or two, placed the 
crushed-stone bed, installed the pipe and placed the backfill on the 
sides of the pipe, all as continuous operations for each length or two 
of pipe. 

Leakage tests on the completed lines showed about 31% of the 
specified allowable leakage on the north line and about 42% on the 
south line. As a matter of fact, a good part of this leakage was proba- 
bly through the Leadite joints in the cast-iron pipe at the gate-valve 
installations on either side of the river. The river lines were tested 
immediately after completion of installation without .an ample oppor- 
tunity for the Leadite to take up. 

It is expected that during peak rates this summer, the pressure 
drop will be less than 5 lb per sq in. from Hartford to East Hart- 
ford, instead of approximately 40 Ib per sq in. experienced last 
summer. 
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The contract for the construction of the East Transmission Main 
was awarded to American Construction Co., Inc., of Hartford, Conn., 
on May 6, 1954, on the basis of a bid of $704,201.75. Construction 
was started the last week of May, 1954, and the lines were completed 
and placed in service on February 8, 1955. C. W. Blakeslee & Sons, 
Inc., of New Haven, Conn., installed the river lines as subcontractor. 
The river work was started on June 24, 1954, and completed on No- 
vember 30, 1954. The reinforced-concrete cylinder pipe, including 
the subaqueous pipe, was furnished by the Lock Joint Pipe Co. 

For the Water Bureau of the Metropolitan District, the work 
was under the general direction of Warren A. Gentner, Deputy Man- 
ager and Chief Engineer, the supervision of the preparation of plans 
and specifications under William Dorenbaum, Chief Designing Engi- 
neer, and the supervision of construction under Robert J. Grosch, 
Associate Construction Engineer. 
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MEMOIR OF THEODORE L. BRISTOL 


Theodore L. Bristol, Chairman of the Board of the Ansonia 
Water Co. (Ansonia, Conn.) and President of that company for many 
years, died on December 5, 1955. He was born on April 25, 1870, the 
son of Charles Edward Bristol and Frances Ellen Bartholomew Bris- 
tol. He was graduated from Yale in 1893. He had a long and varied 
experience in business affairs and held the office of director in a num- 
ber of companies. His principal interest, however, centered in the An- 
sonia Water Co. 

Mr. Bristol’s activities in the water-works profession were not 
confined to his own company, even though he managed it ably. He 
was an active member of the Connecticut Water Works Association, 
the New England Water Works Association and the American Water 
Works Association. He was a former president of the Connecticut 
Water Works Association, and was a past president and an honorary 
member of the New England Water Works Association, having be- 
come a member of the latter in 1916. He greatly enjoyed attendance 
at meetings and was always active in discussions of water-works ac- 
tivities. 

He not only served as a member of many water-works com- 
mittees, but for many years he acted as legislative chairman for the 
Connecticut Water Works Association. His keen understanding 
of water-works problems enabled him to render invaluable service to 
the profession in Connecticut. 

Mr. Bristol was a kindly man with a genial personality and was 
highly regarded by his many friends in the water-works field and else- 
where. His retirement and death were a great loss to the water-works 
profession and he will be greatly missed. 

Mr. Bristol’s wife, Florence M. Espe Bristol, died on May 10, 
1952. He is survived by three daughters, Mrs. Stanley Gordon Sec- 
combe of Oxford, Mrs. Lardner Hancock Shull of Seymour, and Mrs. 
William Rives Wilson of Stony Creek, as well as several grand- 
children. 

WARREN J. Scott 
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REPORT OF COMMITTEE ON RAINFALL AND YIELD 


Part III. 


1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
Av. 
9 yrs. 


* Interpolated. 


Year 
1944 
1945 
1946 
1947 
1948 
1949 
1950 


Av. 
6 yrs. 


Feb. 


-96* 
91 


* Interpolated. 


Year 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
Av. 
41 yrs. 


_2.35 
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OF DRAINAGE AREAS 
RAINFALL IN NEW ENGLAND? 


RAINFALL IN NEW HAMPSHIRE 


ALEXANDRIA, N. H. 
Record: January, 1940, to December, 1950 
Apr. May July 
6.10 4.64 
2.85 9.49 
3.01 4.67 
6.08 6.14 


June 
6.36 


Aug Sept Oct. Dec 
4.90 
4.67 
6.06 


8.00 
6.73 
6.69 
7.07 
3.06 


1.92 


BATH, N. H. 
September, 1944, to 


May July 


Record : 


Mar. 


December, 1950 


Apr. June Aug. Sept. Oct. 
84 
96 
.76 
2.30 


BENTON, N. H. 


Record : 


Mar. 
5.06 
1.68 
2.28 
1.73 
1.44 
2.90 
2.57 
2.49 
3.49 


(Glencliff) 
August, 1909, 


May 
3.46 
4.95 
1.79 
8.00 
4.64 
6.19 
7.05 
3.60 
2.28 


Elevation 
December, 
July 
1.84 
5.13 
5.66 
5.49 
3.94 
6.96 
3.07 
5.09 
2.39 


1,340 


1950 


feet 
to 
June 


9.79 


Aug. Sept. Oct. 


be 


ts 


3.12 3.56 4.30 3.98 4.01 


3.59 


December, 1955. 


Annual 
51.11 
19.54 
48.63 


5884 
49.47 
$4.36 
45.57 
2.53 
1 


42 


5 


Annual! 


46.12 
$8.53 
29.80 
10.86 
0.24 
$3.65 


34.87 


Annual 
44.95 
45.62 
37.10 
52 68 
46.22 
42.74 
38.92 
39.27 
40.53 


42.01 


3 
Year Jan. Feb. Mar 
2.77 3.62 5.56 
2.17 2.49 2.40 ( 
>a 2.36 3.76 6.75 
2.62 2.96 2.51 
5.01 3.53 2.12 6.05 6.24 5.87 0.81 5.42 4.20% 5.23 
3.28 2.92 1.77 3.49 3.48 4.99 5.55 17.34 2.32* 3.13 4.47 
4.11 2.46 4.77 3.33 5.77 3.22 2.32 140 0.84 6.07 3.38 ; 
3.15 2.06 3.35 4.14 3.038 3.92 8.25 «620.86 «62.96 7.07 4.71 
2 5.18 2.72 2.48 3.59 4.65 3.71 3.78 4.75 3.06 3.66 1.89 e: 
5.22 3.15 4.74 3.09 4.72 2.11 3.35 2.50 2.36 6.01 4.98 
; 
; $.69 2.97 3.77 3.67 5.05 4.73 4.74 2.78 3.59 2.61 5.20 4.33 47.13 % 
1.43 2.01 
3.99 1.49 2.89 2.20 
1.37 0.86 2.23 3.42 
2 3.00 1.88 2.03 1.27 q 
1.93 1.00 2.28 5.73 2.49 
ce 2.91 1.74 2.36 3.01 1.68 3.74 2.36 4.70 2.54 1.84 5.05 1.72 . 
= 
gas 2.51 1.71 1.71 2.71 4.19 3.26 38.76 3.78 2.92 2.44 62 226 iT : 
Feb. Nov. Dec 
; 1.69 iB 267 417 4:3 
1.74 44 6.39 4.91 0.36 
1.99 09 3.83 1.88 3.7 
2.67 1.37 4.64 8.82 
2.49 1.48 0.74 5.22 1.8 
1.70 79 22 2.53 6.46 2.59 4 
2.15 21 2.83 3.13 2.60 
rE 1.95 96 4 2.99 2.54 5.54 3.40 ; 
eee 


RAINFALL IN NEW ENGLAND 


BERLIN, N. H. (Brown Co.)—Elevation 1,110 feet 
Record: 1887 to 1903; October, 1917, to December, 1950 


Apr. May June Aug. Sept. Oct. Nov. Dec. Annual 
3.45 1.88 6.16 58 2.07 3.54 1.64 2.88 2.84 35.03 
3.50 3.86 7.02 J 5.10 4.38 5.08 8.11 1.73 49.15 
2.41 .59 5.41 3. 1.82 492 2.71 3.12 3.92 36.05 
4.08 8 3.89 3.19 1.84 4.53 3.59 4.56 3.46 43.37 
2.19 3.1% 2.98 8: 6.96 2.65 4.53 2.19 3.90 37.31 
1.81 J 5.60 3.8% 2.00 1.04 0.46 4.67 1.37 32.91 
1.90 2.93 2.09 1.89 0.71 2.60 28.96 
2.89 AS 3.34 ° 2.23 3.21 1.97 a 2. 29.74 
1.88 5 3.92 -82 3.77 1.87 1.80 . 3. 35.52 


| 
Om oF 


2.81 3.02 3.79 3.51 3.43 2. 59 2.94 38.40 


BERLIN, N. H. (Union Water Power Co.) 
Record: April, 1923, to December, 1950 


Year Jan. ' i - May June July Aug. Sept. Nov. Dec. Annual 
1942 -07 1.64 1.96 3.56 3 2.88 2.85 35.06 
1943 4.85 J x 8.11 1.73 49.37 
1944 3.82 4.10 3.13 35.72 
1945 3.17 87 53 3. 4.95 3.29 43.40 
1946 2.84 6.96 . ° 2.36 3.92 37.32 
1947 3.80 1.95 1.05 b 4.67 1.31 32.32 
1948 2.07 1.96 0.64 a 4.82 3.98 30.37 
1949 1.85 2.23 3.21 m 2.85 2.20 28.48 
1950 3.21 2.48 3.44 1.53 x 71.26 3.28 35.44 


one 


27 yrs. 2.75 2.09 2.95 287 3. 8.45 3.04 3.71 2.81 3. 64 36.75 


BETHLEHEM, N. H.—Elevation, 1,470 feet 
Record: January, 1893, to December, 1950 


Feb. Mar. Apr. May June Aug. . Oct. Nov. Dec. Annual 
0.77 4.03 3.73 2.58 4.84 o 2.05 82 a 3.10 2.18 34.27 
3.40 3 5 3.12 8 4.93 0.59 39.05 
2.01 .68 2.46 1.02 35.00 
6.61 3. J 4.04 2.44 39.59 
3.41 3. 3. ‘ . 3. 2.49 3.01 35.59 
5.86 17 43 2.19 0.55 35.02 
3.98 3. 6.05 2.49 32.75 
4.56 3.8 2.12 2.49 33.12 
2.05 5.2 3. 6.18 2.15 35.45 


wee 


© 


2.58 3.03 3.83 4.02 3.51 3.79 3.02 2.90 2.33 


BLACKWATER DAM, N. H 
cord: October, 1944, to December, 1950 


Feb. 7 June Aug. Sept. Oct. __Nov. Dee. Annual 

- — S57 S48 8.04 

3.51 0.89 2.20 2.60 5.76 6.24 51.07 

235 1. 3. 4.86 5.37 0.93 1.71 4.09 38.23 

2.12 3. 3. 3. é : 1.42 2.96 0.90 5.71 2.55 41.19 

1948 187 233 8. 59 2. 178 
1949 44.97 1.96 148 3. 3. 1.12 4.77 1.92 2.70 1.28 30.84 
1950 4.66* 2.83 3.40 3.02 2. 68 2.11 2.63 3.15 2.87 5.11 3.90 39.41 
a. 4.22 2.55 2.21 3.44 4. 90 4. 2.18 3.69 1.84 4.20 3.61 40.13 


* Interpolated. 


92 
Year Jan. Mar. 
1942 1.52 4.77 
1943 1.10 2.58 
1944 2.23 1.97 i 
1945 3.58 1.65 
1946 2.95 0.75 
1947 2.88 2.55 
1948 1.64 1.91 
1949 3.25 1.67 
1950 3.09 _ 3.58 
Av. 
yre. 2.04 _ 2.56 9.26 
| 
Year Jan. 
1942 1.28 
1943 0.65 
1944 1.01 
1945 1.77 
1946 1.12 
i 1947 3.59 
1948 1.23 
1949 1.61 
1950 2.11 
yrs. 2.01 25.53 
R 
: 


RAINFALL IN NEW ENGLAND 


BOW, N. H. (Garvins Falls) 
ee Record: January, 1941, to December, 1950 


Year Jan. A Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 
1941 2.13 1.78 1.44 0.34 2.63 1.86 3.49 1.26 1.30 1.74 3.47 3.09 24.53 
1942 2.30 2.46 5.96 1.24 2.55 4.55 6.77 140 3.97 2.60 5.08 4.87 43.75 
1943 1.95 1.59 145 2.94 465 2.20 65.48 4.16 0.90 5.15 4.77 0.46 35.70 
1944 1.54 2.84 4.27 3.57 1.89 10.22 1.85 1.17 8.40 2.06 2.70 3.19 43.70 
1945 3.94 _ 3.51 1.55 4.79 5.57 5.95 4.69 2.11 1.95 2.84 4.40 5.97 47.27 
1946 3.74 2.57 1.41 3.10 5.02 1.87 3.43 6.15 2.33 3.26 1.52 4.33 38.73 
1947 3.25 2.31 3.47 2.97 4.06 5.69 3.75 1.70 2.91 0.71 7.33 2.29 40.44 
1948 2.99 1.93 2.56 2.79 5.92 4.05 3.81 2.01 0.38 1.31 5.92 1.83 35.50 
1949 4.15 2.44 1.27 2.82 4.43 0.85 2.95 1.92 5.52 2.33 3.79 1.53 34.00 
1950 4.56 3.03 3.95 3.05 1.80 2.37 1.70 3.23 3.29 2.15 4.99 3.98 38.10 e 


3.96 3.10 


BRADFORD, N. H. 
Record: January, 1940, to December, 1950 


Year Jan. Feb. Mar. Apr. May June July Sept. Oct. Nov. Dee. Annual 
1940 2.13 3.04 3.18 5.57 3.01 548 4.48 3.7 3.61 42.81 
1941 2.46 265 2.43 0.36 2.17 4.19 3.38 2.27 3.53 30.43 
1942 2.65 3.59 6.28 2.08 3.91 3.28 4.70 3.22 nF 7 5.60 45.41 
1943 2.51 195 245 — 5.38 2.75 3.44 113 . 0.57 

1944 1.91 2.76 3.63 3.47 1.83 10.84 3.77 6.42 2.52 2.62 3.74 

1945 4.83 4.00 1.84 5.54 8.36 7.09 5.17 2.60 281 6.76 5.10 

1946 3.66 3.13 127 2.84 641 2.59 3.90 3.54 2.71 2.18 4.64 

1947 4.04 2.56 449 2.96 4.50 4.94 5.05 1.86 0.98 6.50 3.25 

1948 2.99 2.11 2.97 3.15 5&.77* 3.37 2.12 0.43 2.47 5.18 2.80 
1949 5.518.038 1.71 3.43 3.87 1.17 2.92 3.47 1.7 2. 1.5: 

3.35 2.24 2.92 3.63 2. 4.1 


Av. 
10 yrs. 3.45 3.00 3.15 3.27 4:21 4.59 3.79 
* Interpolated. 


= 
no 


BRISTOL, N. H. (Public Service Co.)—Elevation, 430 feet 
Record: February, 1940, to December, 1950 


Year Jan. _Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec 


Annual 
1940 — 829 4.13 6.02 490 451 4.02 — 6.70 0.50 <= 
1941 1.86 2.57 1.96 0.64 1.58 3.87 622 2.97 1.72 2.88 31.95 
1942 Inc. Ince. Inc. Ime. Inc. Inc. 441 1.28 2.61 2.21 

1943 196 1.41 224 3.06 4.35 3.96 65.25 6.34 1.02 4.49 41.77 
1944158 «2.91 3.42 3.10 2.13 6.77 347 1.14 5.79 2.93 38.56 
1945 4.338 3.24 2.02 4.32 5.82 429 5.90 0.66 3.81 3.84 49.60 
1946 3.77 2.36 1.16 2.63 4.77 2.84 4.20 5.63 7.23 1.62 42.18 
1947 3.75 2.64 3.01 2.24 3.35 5.46 4.88 1.01 1.38 0.24 36.22 
1948 2.81 1.51 2.91 2.29 627 2.10 3.13 2.81 0.47 1.95 34.08 
1949 3.62 2.78 3.50 2.03 4.28 30.82 
1950 = — 248 38.70 822 144 292 1.23 2.77 1.13 2.37 — 


2.96 2.43 2.30 — 3.86 4.10 4.37 2.82 3.21 2.48 4.30 2.82 38.15 


BUCKS CORNER, N. H. 
Record: January, 1945, to December, 1950 


® Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 
1945 4.04. 2.97 2.51 56.88 6.97 4.63 6.25 1.24 4.76 6.51 5.12 55.55 
1946 2.91 2.77 1.63 3.55 65.29 3.56 3.81 5.62 3.95 2.02 4.25 40.98 
1947 3.69 2.36 3.68 2.19 625 5438 4.40 1.19 1.25 5.65 2.92 39.29 
1948 2.99 2.07 2.92 2.70 7.06 2.32 4.03 3.39 0.98 6.02 3.98 40.79 
1949 3.83 263 243 3.42 3.71 3.22 3.26 442 3.65 3.28 2.21 39.06 

° 1950 4.39 323 434 264 1.76 2.87 2.71 3.59 3.33 5.99 3.49 40.50 
Av 


6 yrs. 3.64 2.67 2.91 3.40 5.17 3.67 408 3.24 2.99 236 4.91 3.65 42.69 


fi 93 
10 yrs. 3.06 2.45 2.73 2.76 3.35 4.40 3.15 38.17 
| 
4 
iv. 
yrs. 
| = 
ui 
j 
é 


RAINFALL IN NEW ENGLAND 


CAMPTON, N. H.—Elevation 660 feet 
Record: January, 1941, to December, 1950 


Apr. y June July Aug. Sept. Oct. Nov. Dec. Anseai 
0.62 69 3.24 8.61 3.29 2.3 5.08 2.24 4.08 388.10 
2.02 4.63 1.78 3. 4 - 
3.65 . 5.67 4.66 42.48 
1944 2.38 3.18 2.76 6.37 2.72 3.42 34.07 
1945 J g J 3.62 5 4.78 
1946 : ’ 2.55 a 3.09 4. 2.3 4.07 5. 3.32 ? 3.08 3.72 42.69 
1947 3.6( 3.1 1.68 5.51 63 35.46 
1948 2.9 3.11 3.39 -99 
1949 -5§ 2.26 2.36 2.82 3.46 2. 3.41 Ai 57 3. 2. 38.66 
1950 2. 3. 3.32 3. J 3.00 3. 44.25 


2.90 3.46 39.38 


CENTER HARBOR, N. H.—Elevation 740 feet 
Record: January, 1945, to December, 1950 


May June - Sept. Oct. Nov. Dee. Annual 
5.67 4.45 38 3.82 4.61 4.98 
5.26 1.89 3.68 5.61 7: 
5.99 4.92 2.92 2.43 1.89 
7.06 3.20 3.36 2. 0.70 
4.17 2.30 2.23 3.56 4.98 
1.81 4.73 3.5 1.84 


4 


Year 
1945 
1946 
1947 
1948 
1949 
1950 
Av. 

6 yrs. 3.82 2.83 2.76 3.3% 4.99 3.58 3.0% 3.3% 3.14 2.9% 5.00 3.30 


rw 
OF 


CONCORD, N. H.—Elevation 350 feet 
Record: 1853 to December, 1950 


May June July Aug. . . Nov. Dee. Annual 


2.00 5.36 5.02 0.95 5.2% 28 4.80 -72 42.05 
3.89 2.35 5.18 3.18 33.61 
1.58 10.10 2.35 3. 2. 40.67 
4.80 1.78 3.05 0.93 3.62 34.79 
3.37 5.03 3.82 ° . 0.59 6.68 2. 36.08 
5.04 4.56 2.41 1.44 5.56 32.86 
3.68 1.51 3.50 a 7 2.07 2.11 31.09 
1.61 2.94 0.96 a ls d 4.55 3.42 34.53 


= 


1942 
1943 

1944 

1945 

1946 

1947 2.92 
1948 2.41 
1949 4.24 
1950 4.29 


Av. 
94 yrs. 2.99 


7 
7 
2 
0 
7 


5.6 
2.4 
3.9 
1.6 
1.3 
2.9 
2.2 
1.2 
3.3 


3.34 3.64 3.48 8.38 3.09 3.35 38.13 


DIXVILLE NOTCH, N. H.—-Elevation 1,650 feet 
Record: January, 1931, December, 1950 


Year Jan. lb . Apr. May June July . . Oct. Nov. Dec. Annual 
1940 1.15 99 3. 3.38 3.50 5.67 3.41 . 18 1.90 6.34 1.77 40.92 
1941 1.42 d 2.23 x 2.86 4.77 4.73 

1942 2.63 3.5 J 3.5: 2.84 5.52 3.02 

1943 1.04 A 2. of 4.33 8.21 2.84 

1944 1.86 2 y 2.09 5.52 4.67 

1945 4.40 8.03 4.26 5.67 

4.08 - 

8.04 5.34 6.75 

6.92 3.50 

4.48 3.49 


2.09 . 2.09 


= 


to 


1950 


Av. 
19 yrs. 2. 


~ 


4.08 5. 4.70 4. 


94 
Av. 
7 yrs. 3.05 2.39 2.47 2.56 3.35 4.04 4.72 3.47 es 
| 
Year Jan. Feb. Apr. 
1.81 1.45 
2.82 
.56 3.14 
4.38 
.36 2.99 
2.98 
3.41 
2.77 
2.85 
= 
| 
3.21 181 2.13 7.02 264 2.76 7.42 2.82 43.21 
2.22 3.14 64.11 4.68 3.54 4.12 2.65 44.28 


Feb. 
4.01 

3.30 
3.25 
2.92 
3.16 


3.70 3.41 


3.39 


Feb. 
1.90 
86 
40 
86 
21 
12 
77 
24 
50 


NNR tS 


2.20 


Feb. 
2.90 
1.96 
3.46 
4.19 
3.24 
1.83 
1.82 
2.42 
2.74 


2.81_ 


2.15 

2.61 

1.63 

__ 3.07 

2.36 

1.95 

1.64 

‘ 3.01 
1950 
Av. 

10 yrs. 3.13 2.45 

* Interpolated. 


RAINFALL IN 


NEW ENGLAND 


DUBLIN, N. H.—Elevation 1,320 feet 


Record: January, 1945, to December, 


Mar. 
1.79 
1.27 
3.75 
3.12 
2.29 


2.60 


DUM 
Record : 


Mar. 
3.33 
2.58 
2.89 
1.41 
1.10 
2.37 
2.66 
2.08 
2.65 


2.86 


May June 
5.51 8.90 
5.63 4.32 
4.79 4.70 
7.51 5.95 
4.37 1.00 
2.79 3.82 


5.10 4.78 


MER, N. H. 


January, 


June 


DURHAM, N. H. 


Record : 
Mar. 


8.65 


2.47 
4.43 
1.80 
1.41 
4.38 
2.35 
1.27 
4.37 


3.28 


EASTMAN FALLS 


Record: August, 1940, to December, 


Mar. Apr. 
1.44 
5.83 
2.23 
4.03 
2.02 
1.36 
3.43 
2.80 
1.33 


January, 


May June 


3.78 
3.00 
4.24 
5.86 
2.14 


May June 


Swe 


“ew 


July 
7.02 
4.43 
5.31 
4.96 
5.14 
1.74 


to 


July 


5.99 
5.74 
3.39 
4.30 
2.67 


5.99 


July 


acco 


= 


Aug. 


1.66 
4.91 
1.64 
3.02 


2 
o. 
2 


39 


3.05 


( Pontocook 
1911, 


Aug. 


5.90 


Elevation 88 
1893, to December, 


July Aug. 


1.57 
3.68 
0.89 
2.63 
8.80 
0.72 
1.95 


Aug. 


1.69 
1.84 
1.53 
6.09 


1950 


Sept. ot. Dec. 


3.15 3.91 
5.23 2 7.00 
3.20 
0.23 


7.32 


3.11 


3.71 


Dam) 
December, 


1950 


Sept. 


4.40 


3.90 


feet 


1950 


Sept. ot. lov. Dec. 


6.19 
0.99 


woe 
x 


x 


DAM, N. H. 


1950 


Oct. 


Annua 


Annual 


55.30 
45.08 
45.15 
45.48 
42.34 
44.99 


46.39 


Annual 
44.08 
41.19 
$4.53 
40.03 


Annual 
44.07 
38.43 
43.67 
49.14 


39.59 


29.78 
40.67 
42.12 
41.98 
52.36 
40.05 
38.59 
34.18 
32.26 


40.29 


39.23 


95 
a 
Year Jan. Apr. 
1945 4.51 7.26 
1946 3.06 3.33 
1947 3.52 3.69 
1948 2.91 2.76 
1949 4.59 3.07 1.95 62.68 3.06 
1950 5.35 4.16 Mm 862.15 6.86 4.51 
Av. 
6 yrs. 3.99 4.77) 484419 
a 
Year Jan. Apr. May Oct. Nov. Dec 
1942 1.45 2.97 2.35 5.39 1.97 1.88 Mmm 1.76 3.08 3.60 t 
1943 1.36 3.08 3.75 6.32 3.57 5.50 3.15 3.39 5.20 1.4 ! 
1944 1.38 2.40 1.98 4.58 3.32 2.65 3.94 3.37 3.16 2.46 } 
1945 3.82 4.37 65.19 2.44 3.31 1.78 5.27 4.06 2.90 2.62 | 
1946 2.55 2.74 3.69 3.20 3.07 Mm Mmm 3.70 2.97 3.52 38.55 
1947 3.63 2.17 4.59 5.69 5.14 2.35 1.71 0.88 3.42 1.23 35.30 
1948 1.78 3.10 4.94 2.56 1.89 3.00 0.64 1.80 5.97 2.66 32.77 : 
1949 2.46 2.34 2.78 4.53 3.25 2.22 2.68 1.89 2.39 2.91 31.77 
; 1950 4.17 2.38 1.12 6.35 2.43 4.71 1.83 2.37 4.92 2.73 37.11 ae 
Av. 
40 yrs. 2.70 2 MM 2.91 2.88 3.90 3.72 3.36 3.52 3.16 3.26 2.69 37.16 ; 
3 
| 
1942 2.53 2.14 2.12 4.52 
1943 2.01 3.68 4.54 1.00 4.83 4.53 
1944 2.48 3.84 1.08 7.21 3.12 5.95 3.58 
. 1945 3.87 2.95 7.10 1.77 2.86 5.84 5.97 4 
1946 3.72 3.11 4.68 3.23 1.50 1.09 4.00 
1947 3.65 3.53 3.45 453 i 2.01 0.37 5.26 37.54 
, 1948 2.80 2.51 5.04 5.43 3.54 0.46 2.46 6.10 36.88 
R 1949 3.45 3.80 2.91 1.47 1.52 2.64 5.08 2.29 4.44 32.66 
1950 4.36 2.36 1.04 2.01 1.17 5.55 2.25 3.71 6.07 29.05 
Av. 
57 yrs. 3.32 3.44 2.98 3.44 344 3.20 3.53 3.02 3.45 3.88 39.29 
| Year Jan. Feb. Sept. Nov. Deo 
1940 3.23 0.58 6.04 3.74 
. 4.46 2.01 2.72 3.20 3.20 ; 
i 6.57 2.98 2.63 5.53 4.68 
Ce 2.84 0.92 4.66 6.68 0.62 | 
6.86 1.69 7.76 2.52 2.30 2.90 
6.81 lll 2.14 3.49 5.30 6.26 
1.95 5.66 2.72 4.34 2.10 3.55 
4.98 1.78 2.19 0.42 5.55 2.35 
a 3.36 3.08 0.47 1.32 5.80 2.44 
1.10 1.34 5.14 1.97 3.01 1.49 
3.75 3.73 64.67 3.46 3.11 2.62 5.22 3.909 
2.82 2.87 429 4.36 2.76 2.94 2.67 4.47 3.14 


RAINFALL IN NEW ENGLAND 


ERROL, N. H. (Errol Dam)—Elevation 1,260 feet 
Mis Record: January, 1885, to December, 1950 


Feb. ~ Mar. Apr. May June _July Aug. Sept. Nov. __Dee. Annual 
~ 2.06 . 2.47 2.03 5.63 1.68 4.57 2.34 4.08 3.41 37.16 
2.11 8.36 3.3 7.32 4.35 3.28 4.28 6.50 1.62 
4.32 5.19 3. 4.44 4.13 3.65 2.82 
3.04 3.28 s 5.87 4.47 3.64 2.24 
4.27 2.99 5.35 5.04 3.14 344 4.78 
4.55 4.77 .23 2.33 1.35 4.22 1.27 
2.48 1.74 -02 1.34 2.14 6.18 3.11 
3.37 2.59 3.57 1.94 3.18* 2.90 
19504. 84 1. 5.47 2.20 3.38 1.59 2.07 6.62 2.98 
66 yrs. 2.88 248 2, 3.70 3.06 __3.80_2.88 


FITZWILLIAM, N. H.—Elevation 1,200 feet 
Record: January, 1920, to December, | 


May June July Aug. Sept. Oct. Nov. ’ ‘Annual 
2.92 1.89 * * 3.16 3.99 5.95 2.40 3. 3.79 3.71 a 42. 60 
1.76 1.56 J y 5.49 1.75 4.49 3.81 J 5.54 6.48 
1.71 2.35 J 3.18 1.13 8.65 3.91 0.74 0% 2.36 2.22 
2.82 3.21 ql ‘i 5.98 6.85 7.06 3.19 3.3 2.57 3.55 
2.76 2.98 6% 2.83 6.34 3.03 3.80 5.53 . 1.47 1.00 


3.01 2.48 2.99 28 3.39 443 4.22 0.97 3.2 1.16 4.48 
2.538 2.22 3. 3.9% 7.07 6.06 3.61 1.97 2.22 6.13 
4.10 2.75 3. 3.93 2.23 65.28 3.44 2.67 
_ 2.58 3.18 4.03 3.47 1.33 J 


31. y rs. _3. 03 2. 55 3.32 3. 3.58 4.41 4.54 3.80 3.83 3.03 3.96 _ 3.11 


FRANKLIN, N. H.—Elevation 440 feet 

Year Mar. Apr. May June July Aug. Sept. Oct. ‘Nov. ‘Dee. Annual 
1942 R t 5.14 1. 56 2.60 6.38 4.19 1.59 3.06 2.13 5.52 4. 41.29 
1943 ‘ -82 2.87 5.90 6.08 0.87 4.56 66 41.62 
1944 27 7. 3.50 2.28 7.80 2.43 . 43.19 
1945 3.27 4.89 1.16 2.13 3.65 65 61.81 
1946 A 1.97 3.80 _ 5.51 5.49 1.79 40.72 


1947 x 2.90 5.06 4.46 1.74 2.18 0.83 6.00 42 40.47 
1948 3. 2.26 3.12 0.48 1.64 65.74 35.09 
1949 2.14 1.23 4.57 2.26 2.94 J 30.31 
1950 2.7% 3. 0.93 3.81 2.68 2.71 4.76 37.52 


Av. a 
49 yrs. 3.05 2.61 8.20 3.86 3.38 8.86 3.74 8.84 8.82 2.80 8.63 3.08 39.77 


Interpolated. 


FRANKLIN FALLS DAM, N. H.—Elevation 430 feet 
Record: January, 1940, to December, 1950 


Jan. Feb. . Apr. May June July Aug. Sept. Oct. ~~ Nov. Dec. Annual! 

2.61 4.29 3.75 5.63 5.69 3.79 3.87 2.51 3.05 0.54 6.04 2.14 
2. 0.48 ~- 3.88 4.96 3.56 1.47 3.34 3.38 

1.98 2.90 6.98 4.39 2.01 3.28 -- - 5.67 
i 3.46 5.76 3.29 5.36 6.34 0.76 4.60 6.35 0.52 
3. 28 3.71 1.99 7.19 2.96 1.90 8.48 _ 2. 25 3.00 2.08 
x 3.08 1. 5.01 6.07 6.75 0.73 1.96 3.44 56.05 6.08 
nee 1.88 1.34 2.98 5.51 1.94 3.53 4.72 5.54 1.12 1.99 3.11 
3.95 2.04 3.30 2.78 3.89 5.64 5.31 1.80 1.78 0.79 5.33 2.16 
2.20 1.65 2.54 2.98 5.00 3.24 2.12 2.14 0.29 1.20 5.94 2.81 
4.52 2.54 1.50 — 2.61 4.05 0.84 2.39 1.07 4.10 2.20 2.79 1.63 


4.60 3.36 _ _1.64 0.76 8.94 2.13 2.42 5.05 3.54 


yrs. 3.39 2.49 2.63 3.61 4.40 4.04 3.39 2.79 _ 3.12 2.06 4.62 2.67 


Interpolated. 


96 
= 
Year 
1942 
1943 
1944 
1945 
1946 
1947 2.46 37.12 
1948 2.41 42.22 
‘ 1949 2.89 39.94 
5 1950 4.41 48.01. 
| 
Year 
1940 
1941 i 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 


1944 
1945 8.18 3.37 
1946 3.51 2.02 
1947 3.87 2.03 
1948 2.13 1.21 
1949 2.72 2.02 
1950 —_2.09 


yrs. 8.08 2.13 
Interpolated. 


1942 1.79 2.49 
1943 0.99 1.68 
1944 1.79 2.05 
1945 3.39 1.88 
1946 2.86 2.00 
1947 4.43 3.62 
1948 1.79 1.49 
1949 1.67 1.72 
1950 3.08 1.41 
Av. 


40 yrs. 2.50 2. 14 


HANOVER, N. H. 
Record: 1835 


Year Jan. “Feb. 


1942 1.89 1.30 
1943 2.25 1.28 
1944 1.70 2.40 
1945 3.53 2.56 
1946 2.24 2.16 
1947 3.60 2.17 
1948 2.67 1.78 
1949 3.07 2.02 


1960 _ 


Av. 
105 yrs. 2.68 2.33 


1940 — 3.67 
1941 2.56 2.48 
1942 3.36 2.23 
1943 2.47 2.16 
1944 1.45 —_ 
1945 4.05 3.43 
1946 3.19 3.24 
1947 4.09 2.66 
1948 3.37 2.49 
1949 5.03 1.39 


1950 4.74 3.97 


Year ~ Jan . Feb. 


2.69 


6 yrs. 3.58 2.36 


RAINFALL IN 


GILMANTON, N. H. 


_ Record: November, 1944, 


__ Mar. Apr. 
1.73 4.15 
1.37 3.31 
$3.27 2.41 
2.44 2.46 
1.38 2.74 

2.03 


2.04 3.01 


Record : 
“Mar. Apr. 
3.34 
2.19 3.79 
2.26 2.42 
1.74 4. 52 
1.20 2.78 
2.22 
2.61 3.42 
1.74 3.49 
4.26 2.74 
3.13 3.30 


Mar. Apr. 
“4.16 2.57 
1.75 3.27 
2.94 2.76 
1.59 5.02 
__ 1.26 2.46 
2.43 1.84 
2.41 3.33 
1.70 2.16 
3.01 1.95 
_ 2.63 2.65 


N. H. 


7 Record : 
“Mar. Apr. 
— 5.37 
2.06 0.31 
5.99 1.31 
2.22 3.57 
3.40 
— 56.02 
1.29 2.11 


4.51 3.36 
3.27 3.79 


1.09 3.12 
3.30 2.24 
3.06 2.88 


May June 


6.22 6.05 
5.31 1.43 
4.13 6.40 
5.99 3.63 
5.86 3.55 
3.32 1.26 


5.50 4.21 


GORHAM, 


January, 1911, 


May June 
1.43 6.33 


(Dartmouth 
to 1855 and 


NEW ENGLAND 


Elevation 960 feet 
te December, 1950 


July Aug. Sept. Oct. 


5.58 1.31 2.48 3.36 
3.40 5.39 3.89 2.86 
5.99 1.28 2.26 0.26 
1.67 1.69 0.23 1.71 
1.75 1.24 4.32 2.29 
4.66 1.59 2.19 

3.68 2.18 2.64 2.10 
N. H. 


to December, 1950 
July Aug. Sept. Oct. 


1.53 2.38 4.12 2.07 
3.41 4.74 3.31 4.66 


4.08 1.72 5.40 2.85 

3.61 2.68 3.79 4.34 

2.56 7.85 56.13 2.29 
1 


-ll 1.09 0.51 
2.3 1.08 2.33 
2.91 1.84 
1.93 2.11 


College)—-Elevation 603 
1867 to December, 1950 


May June July Aug. Sept. Oct. 
3.54 3.73 2.78 0.66 2.05 
4.17 3.60 4.95 5.87 4.94 
2.54 5.19 2.41 0.90 3.05 
4.88 4.17 6.06 0.70 4.37 
4.23 2.96 2.80 4.73 2.70 
5.05 4.63 3.93 1.50 0.45 
4.39 2.79 4.57 2.86 2.19 
2.39 3.07 4.74 3.08 2.47 
1.45 2.50 2.94 3.94 1.77 
3.20 3.0 3.63 3.34 3.24 3.08 
(2 W)—Elevation 750 feet 


February, 1940, to October, 1950 


May June 
5.38 

3.27 

2.80 4.49 
4.20 3.11 
1.32 10.36 
5.88 6.23 
5.60 2.25 
3.46 4.52 
6.59 4.10 
3.19 1.02 


3.79 0.94 


3.25 


July Aug. Sept. Oct. 


1.81 0.71 
5.02 2.47 1.39 1.91 
5.53 1.82 4.19 2.34 
2.40 4.68 1.16 4.75 
3.65 2.20 6.97 1.37 
4.79 2.00 1.95 2.87 
4.99 4.11 4.41 0.95 
5.€6 3.63 2.27 0.75 
3.57 1.87 0.41 1.95 
3.20 3.91 3.70 1.72 
5.24 1.19 2.64 6.53 


be 
nw 


Nov. 


ow 


nn 


feet 


Nov. 
4.84 
5.36 
2.42 
5.30 
1.67 
4.61 
5.26 
1.85 


4.81 


2 99 


4.33 


97 
Dec. Annual 
3.17 
5.30 47.85 
1.97 36.28 
2.04 37.97 
2.77 32.12 
1.56* 31.59 
2.73 37.16 
Dec. Annual 
4.50 37.81 
3 42.46 
3.99 40.29 
4.39 45.98 
3.84 39.25 
2.02 38.62 
4.77 34.97 
2.04 30.17 
5.47 41.43 
2.93 37.61 
Dec. Annual 


Dec. 


3.72 
3.36 
5.44 
0.48 
2.94 
4.66 
4.48 
3.15 
3.45 
1.36 


3.06 


Annual 


44.56 
36.90 


38.39 
43.85 
40.32 
30.96 


39.16 


| 
' 
3.15 5.44 7.79 
2.05 7.00 4.68 a 
a 6.51 2.99 6.14 
3.87 2.59 2.28 
eA) 4.39 5.93 6.24 
is 4.76 2.44 2.36 5.61 
2.10 2.92 3.02 3.46 ‘ 
1.50 4.59 2.12 8.19 
2.88 3.62 3.26 3.36 3.56 3.07 3.86 
2.85 84.75 
0.61 39.93 
1.69 32.76 
‘ 3.23 45.49 
3.81 35.70 
2.31 33.30 
2.96 36.52 
1.94 32.11 ja 
Year Jan. Feb No. 
5.13 
5.06 
370 || 
oO 
y 2.99 
6.31 
1.77 
= 5.79 
5.48 
2.23 


Year 
1940 
1941 
1942 
1943 
1944 


1946 
1947 
1948 
1949 
1950 
Av. 

9 yrs. 


Year 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
Av. 
59 yrs. 


1946 
1947 
1948 
1949 
1950 


1945 


1945 


_Feb. 


3.10 
1.88 
1.88 
2.07 
1.55 
2.57 
2.04 
1.54 
1.91 
2.03 


2.08 


0.96 
1.12 


4.78 
2.59 


8.42 


2.09 


RAINFALL IN 


JEFFERSON, N. H.—Elevation 1,460 feet 
Record: November, 1940, to December, 1950 


Mar. Apr. May June 
1.20 0.65 2.53 
3.06 3.36 3.86 
1.72 1.89 5.18 
2.55 2.66 4.00 
1.27 4.18 3.47 
0.93 2.47 2.67 
2.11 1.20 7.57 
2.64 1.97 3.03 
2.33 2.58 3.98 
3.05 2.58 4.89 
1.98 2.24 4.12 4.15 


KEENE, 
Record : 


N. H. 


Mar. Apr. May June 
5.40 1.42 3.94 3.74 
2.36 3.60 4.25 2.29 
4.01 3.13 1.71 6.41 
1.91 6.21 6.21 7.54 
0.98 2.27 6.30 2.83 
3.36 3.26 4.54 
2.93 3.82 6.41 
2.01 2.96 2.68 
2.25 3.49 3.08 
3.05 3.01 3.26 3.36 


LAKEPORT, N. H. 


_ Record: January, 1857, 
"Mar. 


Apr. May June 
2.92 0.55* 3.26 1.95 
6.74 2.43 2.11 5.91 
2.33 3.90 4.39 3.72 
3.78 3.17 1.92 7.92 
1.89 4.00 6.69 6.02 
1.58 2.89 4.72 2.31 
3.79 2.28 3.70 6.23 
2.83 2.15 7.50 2.78 
1.41 2.82 4.48 2.45 
3.32 2.82 1.45* 4.06 


LANCASTER, 


> (Record broken 

Feb. _ Mar. Apr. May June 
186 152 2.33 3.82 5.23 

— 2.58 - 2.17 4.81 

_ 1.33 4.48 6.79 3.66 
2.24 1.04 2.14 2.31 
1.70 1.92 1.62 5.32 6.81 
1.37 2.97 1.98 5.59 4.86 
2.03 1.89 2.58 2.76 

2.19 


N. H. 


NEW 


July 


6.54 
1.18 
3.79 
6.36 
3.67 
3.96 
5.40 
1.81 
3.44 
2.78 


4.19 


Elevation 490 feet 
1892 to December, 


July 
6.23 
2.78 
3.14 
5.43 
3.08 
6.27 
3.88 
2.65 


July 
3.81 
3.95 
7.07 
3.25 
4.68 


4.00 


2.14 
2.55 
2.10 
1:06 


ENGLAND 


Aug. Sept. 
3.76 3.68 
1.14 4.69 
5.65 3.53 
3.48 5.17 
2.48 65.29 
7.16 2.34 
2.38 1.80 
3.43 1.44 
3.70 4.08 
3.76 2.54 
3.98 3.32 


1950 
Aug. Sept. 
1.87 2.96 
2.57 1.15 
1.51 6.60 
1.93 2.06 
4.06 4.50 
1.49 2.55 
2.09 0.20 
3.34 6.21 
4.82 4.50 
3.57 3.51 


Elevation 500 feet 
to December, 


1950 

Aug. Sept. 
2.39 2.52 
1.06 2.63 
5.94 0.85 
1.83 8.01 
100 2.17 
6.53 3.81 
0.94 2.11 
1.77 0.84 
1.47 5.26 
3.31 


Elevation 880 feet 


as shown.) 


July 


Aug. 
4.56 3.95 
2.99 4.48 
2.54 6.85 
5.56 3.34 
2.50 1.91 
2.74 3.05 


2.68 


3.47 3.67 


Sept. 


Oct. 


Nov. Dec. 
5.13 2.50 
1.93 1.29 
5.18 1.43 
2.40 2.82 
3.98 2.53 
2.35 3.48 
3.01 1.28 
6.18 1.58 

2.34 3.06 
7.17 2.02 
3.84 2.17 


_ Nov. Dee. 
4.75 3.81 
5.98 0.51 
2.47 2.04 
3.49 3.37 
1.22 4.50 
5.80 2.16 
5.33 2.63 
2.14 3.00 
6.87 3.04 
3.20 2.91 


Nov. Dee. 
3.73 3.54 
5.22 6.34 
6.51 0.77 
3.10 2.84 

5.00 _ 4.89 
2.43 3.46 
6.11 2.62 
6.72 2.57 
2.71 1.71 
7.29 2.88 

3.48 


ct. Nov. Dee. 
2.01 3.72 2.84 
3.86 6.04 0.89 
3.72 2.60 - 
4.73 3.90 2.51 
2.98 4.17 
0.63 3.35 1.26 
2.67 5.96 
2.51 


Annual 


33.41 
38.98 
38.84 
42.89 
39.84 
35.90 
34.99 
36.26 
37.91 


37.68 


Annual 


Annual ‘ 


39.30 


98 
1.55 3.87 
1.13 2.12 
1.02 4.25 
_ 1.57 3.53 
3.24 4.34 
2.85 5.13 
3.16 1.17 
1.39 3.31 
2.52 2.49 
3.14 1.96 
_Jan. Feb. Oct. — 
2.15 1.73 2.62 40.62 
2.14 1.69 4.21 33.63 é 
1.66 2.20 1.98 36.86 
3.79 3.50 2.46 47.90 i 
4 2.33 2.21 1.60 35.88 4 
3.43 2.22 1.43 39.92 
j 2.61 2.21 1.27 39.31 
4.04 1.80 2.01 36.49 
4.82 2.79 2.29 1.51 41.76 i 
2.83 3.82 2.59 37.65 
Year Feb. Oct. Annua! 4 
j 1941 2.81 3.11 3.24 33.83 ‘ 
1942 2.55 3.62 3.09 45.65 
1943 1.97 1.67 5.33 44.45 
1944 2.10 2.77 3.45 44.14 
1945 3.90 3.09 4.56 47.89 
3.11 2.17 | 3.64 40.65 
4.04 2.35 1.23 37.54 
2.37 1.43 1.45 34.96 3 
4.54 2.38 2.20 33.53 
4.03 2.55 2.07 37.52 
92 yrs. 3.61 3.41 3.82 3.28 3.30 3.47 42.53 
1942 
1943 | 
ee 1944 
i947 
1948 
1949 
1950 8.05 144 2.24 2.14 


Year Jan 
1942 2.09 
1943 2.17 
1944 1.31 
1945 5.08 
1946 2.90 
1947 4.72 
1948 2.25 
1949 4.96 
1950 


Av. 


29 yrs. 


Year Jan. 
1942 3.07 
1943 1.90 
1944 2.04 
1945 4.54 
1946 3.60 
1947 3.56 
1948 3.08 
1949 4.38 
1950 : 


Av. 
75 yrs. 


conan one 


Year Jan. 
1944 1.08 
1945 3.20 
1946 2.16 
1947 

1948 3.92 
1949 4.49 
1950 3.68 


ter cote te 


Feb. 


2.26 


Mar. Apr. 
3.06 2.86 
1.50 4.68 
1.29 1.99 
2.44 4.00 
1.31 1.44 
4.49 2.32 


2.35 


Mar. Apr. 
4.92 2.66 
2.80 4.73 


4.04 2.76 
2.10 5 
159 2 
2.86 1.9% 
3.70 4 
2.70 2. 
4.39 4, 


Mar. Apr. 
6.77 1.67 
2.31 3.96 
4.62 3.89 
1.91 444 
1.77 3.26 
3.78 4.05 
2.92 3.83 
2.09 4.04 
3.59 3.28 


3.20 


MASSABESIC 
Record: April, 1942, to December, 1950 


Mar. Apr. 

— 1.21 
1.93 2.69 
3.64 3.32 


May 


LINCOLN, N. H. 


May 
2.40 


oF 
a 


MANCHESTER, N. 


Record: January, 


May 
2.07 
4.97 
1.78 
6.32 
5.63 


May 
2.12 
4.41 
1.54 
5.66 
4.80 
3.42 
5.69 
4.40 
1.49 


LAKE, 


June 
5.61 
4.99 
2.75 

2.98 

1.94 

2.43 


June 
5.46 


Coo we 


or 


June 
4.02 
1.99 
7.07 
5.66 
2.43 
4.82 


June 


H. 


N. 


RAINFALL IN NEW ENGLAND 


LEBANON, N. H. (Airport) 


Record: January, 1944, to December, 1950 


July 
1.42 
6.01 
1.96 
3.03 
4.96 
2.61 


2.55 


Elevation 830 feet 
Record: January, 1921, to December, 1950 


July 


1.38 


Elevation 
1875, to December, 


H.—Elevation 250 feet 

July Aug. Sept. Oct. Nov Dec. Annual 
2.97 

6.63 4.85 0.87 4.41 0.77 36.09 

2.85 1.70 6.31 2.42 2.74 40.32 

8.32 1.74 2.50 2.53 £ 4.67 46.67 

3.89 6.83 1.19 4.38 0.95 2.55 37.22 

7.07 1.03 0.25 5.38 1.96 

3.67 1.48 ).22 1.73 6.23 145 33.39 

1.75 2.53 5.83 2.28 1.97 1.86 32.60 

1.20 3.80 2.79 2.54 5.12 3.37 

4.52 3.19 2.82 2.96 3.51 2.34 37.71 


Elevation 562 feet 


Aug. 
0.90 


Aug. 


171 


Sept. Oct. 
4.31 3.25 
4.96 4.22 45.80 
1.66 1.39 28.66 
0.24 
.10 2.26 43.66 
3.48 1.69 28.32 
1.92 1.91 33.44 


3.40 


Sept. Oct. Nov Dec. Annual! 
5.85 6.12 42.35 
3.17 5.18 6.02 154 49.82 
5.22 3.58 1.48 3.88 39.43 
7.71 5.21 1.55 33 «53.91 
3.72 4.85 3.90 4.89 44.34 
1.25 0.43 4.35 1.45 40.30 
0.90 2.24 8.18 4.03 43.49 
4.89 2.66 3.58 3.21 42.85 
3 3.4§ 8.45 3.46 


feet 
1950 


Annual 


0.99 


the 
99 
— 
_ Feb. 
1.57 1.79 
ian 2.28 4.80 0.40 
deed 2.00 3.87 2.80 
1.66 
3.16 3.71 3.69 
2.51 2.33 2.97 
2.66 1.77 2.62 
Av. 
= 6 yrs. 3.09 2.36 MMM 288 3.04 3.45 3.25 2.23 Mmm 2.45 4.07 2.35 34.92 a. 
Feb. = 
5.40 5.44 5.93 
6.47 5.28 1.00 
nest 27 3.69 1.27 
42 3.47 7.63 
89 «8.51 1.49 
7 26 2.33 4.25 j 
3. .72 2.98 4.98 
|_| 
fF 3.52 2.72 3.46 3.59 3.75 4.31 4.37 3.90 4.39 3.79 4.32 3.59 45.71 
Feb. July Aug. Sept. Oct. Nov. Dec. 
1.64 7.76 137 3.23 2.64 4.93 5.59 44.76 
1.52 4.32 3.82 Mmm 5.23 5.55 0.62 37.18 is 
2.99 1.87 1.63 6.39 2.35 3.52 2.92 41.07 
3.62 7.56 2.04 2.04 2.29 4.88 5.90 51.20 
- 2.68 3.05 6.40 4.37 0.83 1.28 3.89 39.19 
2.07 4.18 5.21 0.82 2.47 0.57 6.33 2.71 40.57 
2.23 6.63 4.56 4.22 1.62 0.15 1.59 7.07 2.50 40.40 : i 
2.67 5.20 1.25 1.83 3.63 4.92 2.28 2.52 2.46 37.27 
3.29 1.90 1.34 4.69 2.32 3.08 5.52 4.22 
| 3.28 2.89 3.55 3.26 3.29 3.55 3.28 3.31 2.91 3.45 3.26 39.23 
1942 — 4.17 
1943 1.95 1.63 
1944 3.7 6.08 
: 1945 3.3 1.45 3.78 5.63 : 
1946 3.5 1.54 2.58 2.31 
1947 3.0 2.38 2.99 4.30 
; 1948 2.4 2.00 2.67 4.25 
1949 3.7 1.35 3.48 1.18 
1950 4.20 2.57 2.74 
Av. 
6 yrs. 3.11 MMM 1.98 3.09 442 3.51. 
4 
ig 


2 


1942 1.48 
1943 1.36 
1944 1.40 
1945 3.52 
1946 2.55 
1947 3.63 
1948 1.78 
1949 2.46 
1950 

Av 


1.90 
1.86 
2.40 
2.86 
2.21 
2.12 
1.77 


2.24 


3.33 
2.58 
2.89 
1.33 
1.10 


2.37 


2.50 2.65 


yrs. 286 211 287 2. 


MILAN, N. H.—Elevation 1,180 feet 
___ Record: January, 1929, to December, 1950 _ 


Jan. Feb. Mar. 


1946 
1947 4.75 
1948 2.94 
1949 3.03 
1950 4.67 


Year 


1950 


~ Jan. 


Av. 


Jan. Feb. Mar. 


Year 
1942 2.07 
1943 2.80 
1944 1.94 
1945 


Jan. 
1942 2.29 
1943 2.24 
1944 3.96 
1945 4.69 
1946 5.02 
1947 5.65 
1948 2.41 
1949 4.82 

4.90 


3.44 
1.34 
2.88 
3.98 


3.24 
2.32 


3.58 
3.02 


Feb. 


6.86 
2.73 
3.34 


1.63 


17 yrs. 3.57 2.91 4.20 


2.12 


MILFORD, N. H.—Elevation 300 feet 
Record: March, 1928, to December, 1950 


Apr. May 


3.74 


Mar. Apr. 
2.83 3.74 4.71 
2.67 4.28 6.07 
2.89 2.49 3.19 
2.82 2.56 7.10 
4.34 2.15 5.19 
5.20 7.57 3.35 
4.32 3.23 5.95 
2.82 3.79 6.53 
3.27 5.04 3.88 


Feb. 


Year 

1942 3.58 2.39 
1943 2.82 1.31 
1944 2.04 2.40 
1945 3.61 4.35 
1946 3.87 2.66 
1947 2.98 1.85 
1948 3.10 1.96 
1949 3.56 3.27 
1950 


Mar. 


6.71 
3.20 


ecord: July, 
Apr. May June 
1.39 2.56 6.90 
3.09 5.49 2.42 
3.75 1.39 7.18 
3.67 5.39 5.20 
3.08 5.74 3.45 
4.01 340 4.63 
2.62 6.08 5.58 
4.63 3.96 1.01 
1.35 1.55 


4.04 


May 


2.06 


6.68 


3.08 
7.53 
6.55 
4.39 
2.11 


Recor 


Av. 
33 yrs. 4.76 4.49 5.92 5.86 5.98 


RAINFALL IN NEW 


ENGLAND 


June July Aug. Sept. Oct. 
5.39 1.92 1.88 4.40 1.76 
6.32 3.57 5.50 3.15 3.39 
4.58 3.32 2.65 3.94 3.37 
2.43 3.31 1.78 5.27 4.06 
3.20 3.07 5.90 3.95 3.70 
5.69 5.14 2.35 1.71 0.88 
2.56 1.89 3.00 0.64 1.80 
4.53 3.25 2.22 2.71 1.89 
5.35 2.43 4.71 1.83 2.37 
3.35 


June July Aug. 
6.15 5.77 2.72 
8.01 3.98 3.66 
8.31 2.55 0.91 
6.21 5.24 2.02 
4.44 3.24 
1.92 - 6.47 

—_— 8.34 1.20 
4.89 - 0.92 
0.35 1.54 1.72 

- 1.12 


d: 


MOUNT WASHINGTON, N. H.—Elevation 6,290 feet 
1859 to 1950 


July Aug. 
5.08 4.56 
5.58 9.73 
6.07 4.27 
6.81 4.36 
5.43 11.43 
8.98 2.77 
3.28 5.65 
6.40 6.28 
5.09 5.72 


3.31 2.65 
0.41 7.08 
6.34 2.06 

2.61 1.78 
_ 3.76 2.86 

1.97 2.41 
2.29 0.87 
0.19 2.50 
1.79 


6.42 


3.80 _3.25 


Nov. ~ Dec. Annual 
3.08 3.60 33.69 
5.20 1.43 41.19 
$3.16 246 34.55 
2.90 2.54 39.56 
2.97 3.52 38.60 
3.42 1.23 35.30 
5.97 2.66 32.77 
2.39 2.91 31.80 
4.92 2.73 37.01 
3.28 36.87 


Sept. Oct. Nov. Dee. Annual 


5.37 5.48 47.53 
5.17 0.85 39.04 
3.56 3.63 40.50 
4.61 4.87 48.13 
3.81 8.69 42.27 
7.92 2.42 
6.90 1.76 
2.59 33.15 


1.95 


Sept. Dee. Annual 
7.70 4.98 9.58 17.75 66.27 
4.42 9.98 10.33 4.27 74.37 
8.57 3.78 5.06 6.01 59.24 
8.62 9.10 10.95 5.50 78.18 

6.74 4.65 4.59 7.03 65.19 
3.59 0.75 6.31 3.47 62.28 
3.11 4.59 9.85 5.52 59.19 
8.02 5.16 3.35 3.69 62.90 
4.97 3.78 10.76 5.17 60.87 
7.83 6.57 6.89 


NASHUA, N. H. (Pennichuck Water Co.)—Elevation 125 feet 
R 


1900, to December, 1950 


July Aug. 
5.43 1.84 
6.36 3.07 
3.01 1.14 
5.04 1.62 
3.10 8.08 
4.55 1.16 
3.23 1.37 
2.17 3.58 
0.75 


8.38 _3.33_ 


Sept. Oct. Nov. Dec. Annual 
2.83 2.32 4.28 5.59 45.82 
0.34 4.93 4.97 0.75 38.75 
7.82 2.16 3.27 3.58 41.68 
1.35 2.21 4.26 5.03 43.27 
1.17 4.44 0.71 3.55 41.64 
2.15 0.50 5.12 2.49 35.92 
0.11 2.11 6.40 1.26 36.41 
4.49 2.31 2.53 1.92 35.08 
2.20 2.96 6.58 35.74 


_ 2-86 


5.79 77.16 


8.36 3.32 _ 39.05. 


100 
Year — Apr. 
2.60 2.35 a 
3.08 3.75 
2.40 1.98 = 
4.37 5.19 
2.74 3.69 
2.17 4.59 
2.66 3.10 4.94 pie 
862.08 2.34 2.78 
2.28 1.12 
m0 5 3.29 
1.65 
3.06 4.95 
1.24 
_ 3.81 
\ 
— 
3.66 
May June j 
3.61 9.44 
7.71 7.09 j 
2.00 10.95 
9.18 6.49 
5.35 4.27 
6.68 7.96 
5.90 5.38 
5.66 6.38 
2.78 5.51 : 
3.94 
1.54 
1.79 
3.08 
2.59 4 
1.65 
__ 2.59 
50 yrs. 3.10 2.77 8.44 9.57 9.10 3-36 
t 


1941 - 
1942 3.36 
1943 2.68 
1944 1.59 
1945 3.64 
1946 3.53 
1947 2.93 
1948 3.10 
1949 3.44 
1950 4.54 


2.95 


Year ___ Jan 
1940 - 
1941 2.13 
1942 2.03 
1943 2.84 
1944 _1.86 
1945 3.66 
1946 2.75 
1947 3.18 
1948 2.61 
1949 4.47 
1950 4.65 
AV. 
7 yrs. 


3.25 


Jan. 


Record: October, 1940, to Dee 


‘Feb. Mar. 


1.54 1.43 
2.02 5.25 
2.55 2.14 
2.49 
3.76 2.05 
2.81 1.18 
2.22 4.05 
2.36 3.35 
2.28 1.94 
2.58 3.16 


2.39 


| 
|| 2] Boge genom 


Apr. 


| 


RAINFALL IN 


49 246 3.71 


3.09 


Year Feb. Mar. Apr. 
1942 1.86 1.62 7.35 1.60 
1943 2.74 1.94 3.24 3.39 
1944 1.43 2.71 3.86 3.16 
1945 3.33 3.07 1.96 3.39 
1946 3.63 2.58 1.14 2.84 
1947 3.93 1.91 8.47 3.19 
1948 2.30 1.73* 2.40 2.50 
1949 — 1.36 2.50 
4.76 
21 yrs. 3.51 2.96 4.02 


* Interpolated. 


J = 


NEWPORT, N. H.- 
Record: January, 1930, to December, 1950 


Feb. 


3.18 


.__Feb. Mar. Apr. 

1942 1.75 2.19 4.89 1.77 
1943 2.32 1.45 2.15 3.52 
1944 1.75 2.54 8.05 3.03 
1945 3.92 3.11 1.51 5.87 
1946 2.61 2.387 1.16 2.84 
1947 3.37 1.98 3.34 2.19 
1948 2.55 1.88 2.92 3.29 
1949 3.69 2.14 1.79 3.03 
3.83 2.92 3.36 2.49 
Av. 

21 yrs. 2.99 2.21 3.15 


NEW DURHAM, N. H. 
: April, 1924, to November, 


NELSON, N. H. 


May June July 
4.46 3.94 5.19 
3.12 5.37 5.91 
4.15 - 
2.14 8.36 4.05 
6.48 10.11 6.62 
6.78 2.39 4 
3.56 5.95 5. 
6.87 6.18 5.90 
4.14 1.99 4 

1 


4.44 5.32 4.99 


May June July 
2.74 2.98 3.32 
5.07 3.52 5.90 
1.28 6.38 2.52 
5.83 6.63 3.47 
4.40 3.26 3.82 
4.49 7.60 3.43 
5.78 4.20 
3.58 1.90 3.10 
- 0.37 


2.91 3.57 3.56 


May June July 
3.04 4.13 3.78 
5.87 3.04 2.01 
1.87 7.21 3.77 
5.87 3.82 5.90 


_ 6.32 2.10 3.82 
4.93 5.02 5.67 
5.22 3.74 2.11 
3.27 2.18 2.71 

_ 2.82 


2.31 8.32 


3.45 3.73 3.76 


Elevation 


Aug. 


wel 


Aug. 
0.82 


Aug. 
1.14 
5.55 
1.06 
0.88 
3.77 
1.06 
2.60 
2.36 
5.64 


2.96 


| 


NASHUA, N. H. (1 NE) 

Pat! Record: October, 1941, to August, 
Feb. Mar. Apr. May _June July Aug. 
2.70 7.10 1.20 243 5.79 5.50 1.25 
1.39 3.29 3.16 4.74 2.07 5.50 2.59 
2.18 3.71 3.42 1.02 6.81 1.83 0.93 
3.56 1.59 __ 3.64 5.20 4.75 4.16 1.72 
2.80 1.43 2.66 5.21 2.17 2.28 7.08 
1.79 3.55 4.02 2.90 3.15 4.15 0.70 
1.79 2.57 2.34 4.09 4.59 2.73 0.13 
2.53 1.49 4.23 3.84 0.86 1.80 2.83 
_2.17 3.31 3.00 3.46 3.63 3.40 2.22 


NEW ENGLAND 


1950 


Sept. 


ember, 1950 


Sept. 


Elevation 640 feet 


1950 


Sept. 


2.95 


700 feet 


Sept. 
2.86 
1.56 
5.23 
3.43 
4.82 
1.37 
2.09 
5.38 
2.69 


3.50 


Oct. 


1.92 


Oct. 
2.14 
4.22 
2.07 


Nov. 
2.80 
4.26 
4.88 
4.31 
0.51 
4.93 
5.86 
2.00 


3.82 


101 


Dec. Annual 
3.64 
5.90 44.42 


Dec. Annual 
3.93 
2.39 
5.46 
0.80 
2.80 
3.67 54.47 
3.32 
2.44 42.40 
4.36 46.81 
3.04 37.70 


4.27 50.47 


3.66 43.66 


Dec. Annual! 
5.59 37.17 
0.81 43.17 
3.09 40.16 
5.15 44.81 
3.64 38.25 
1.86 38.44 


1.49 


8.33 40.22 


Dec. Annual 
4.18 
0.53 
2.39 


‘ 
— 
Year 
2.32 
2.33 3.03 37.83 
5.16 
0.63 3.95 37.33 
0.28 2.53 32.81 
0.05 1.48 1.69 30.42 i 
Fi 3.19 2.33 1.84 30.38 
Av. 
7 yrs. 2.87 06m «35.57 
a 
1.07 4.99 
; 2.51 2.59 2.95 
3.68 2.34 4.29 
1.90 4.72 5.86 
228 3.54 
2.24 3.83 4.09 
1 1.80 
80 2.81 1.40 5.72 
| 00 0.82 1.96 5.98 
41 6.59 2.21 2.73 
84 6.27 3.09 8.16 
4.20 
5.45 0.67 6.22 
1.19 7.79 4.68 
; 0.79 2.01 3.98 5.20 
5.96 4.07 1.06 1.85 
0.94 1.73 0.19 5.70 
2.05 - 
1.14 821 1.78 234 
4.86 1.41 2.15 5.87 — -- 
a 2.65 3.53 2.73 4.27 
Oct. Nov. 
2.35 4.65 
4.57 5.30 
3.15 2.48 
3.40 5.41 3.58 46.70 
3 2.05 1.70 3.65 387.11 
0.40 4.61 2.85 36.79 
1.47 5.30 3.25 36.42 
, 1.91 1.78 1.89 32.08 
bd 1.51 5.78 2.64 38.81 
2503.48.71 87.76 
t 


RAINFALL IN NEW ENGLAND 


NORTH STRATFORD, N. H.—Elevation 900 feet 

Record: January, 1938, to December, 1950 
Year Jan. ‘eb. Mar. Apr. May June July . Sept. é Oct. Nov. Dec. Annual 
1938 2.02 2.46 2.9% — 16 26 — 
1939 2.44 7 3.84 5.74 0.65 3. 37.21 
1940 0.85 5.30 1.26 5.43 3.33 40.28 
1941 1.66 2.02 4.49 2.58 . 28.35 
1942 1.68 4.28 2.67 4.99 1.84 37.83 
1943 0.91 3.68 3.99 4.93 x 40.40 
1944 1.30 4.96 4.20 1.94 2.16 32.37 
1945 4.28 7.93 4.64 3. A 46.60 
1946 2.08 2.86 5.07 2. 3.16 36.51 
1947 3.22 2.80 1.58 3.384 1.21 39.17 
1948 1.47 1.42 2.26 5.69 51 34.80 
1949 2.88 4.02 2.31 3.10 
1950 3.09 SS 2.39 2.94 5.91 
Av. 
1l yrs. 2.07 3.84 


Saw 


Nor Doce ed 


ADS 


NORTH VILLAGE, N. H. 
Record: January, 1941, to December, 


Mar. Apr. May June y . Sept. Oct. Nov. Dec. Annual 
1.38 0.41 2.97 3.83 OF A7 2.01 2.33 3.51 3.01 29.07 
4.84 2.07 2.16 4.76 BE 3.23 5.98 

2.37 

10.60 

7.85 

3.68 

4.50 

4.95 

0.96 

2.48 


3.85 


PINKHAM NOTCH, N. H.—Elevation 2,000 feet 
Record: February, 1930, to December, 1950 


Apr. May June Aug. . Oct. Nov. 
6.06 3.59 6.25 2. 2.20 . 3.61 6.78 
5 3 6.02 5.6 7.07 
9.43 .36 1.74 
3.51 9.82 3.09 
8.46 1.14 7.46 
3.57 2.18 3.39 
3.96 3. 4.47 
5.01 2.3 4.75 


Feb. 


2.90 


= 


Ce 


ao 


5.47 8 96 4.97 4.37 


PITTSBURG, N. H. (First Connecticut Lake)——Elevation 1,660 feet 
Record: January, 1918, to December, 1950 


Mar. Apr. May June . Dee. Annual 


4.91 3.67 5.36 
2.80 3.36 
1.94 2.30 
2.07 4.70 
1.69 3,42 
2.61 2.50 
2.46 2.89 
3.37 3.37 
1950 3.61 2.63 
Av. 
33 yrs. 3. 3.28 3. J 3. 45.67 


46 61 
47.37 
40.35 
52.07 
45.72 
47.29 
40.07 
41.35 
45.80 


oo 


tomo 
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; Year ___ Jan. _ Feb. 
1941 2.17 1.95 
1942 1.36 3.06 : 
1943 2.35 1.56 
1944 1.81 2.32 
1945 3.74 4.50 
1946 3.52 3.36 
1947 3.30 1.59 
1948 2.13 2.46 
1949 4.47 1.67 
1950 4.17 2.65 
Av. 
5 yrs. 2.90 2.52 2.60 2.05 3.26 88 3.77 3.69 2.61 2.34 4.69 3.65 37.93 ‘ 
Year Jan. Dec. Annual ; 
1942 ».16 5.56 55.20 
1943 2.09 3.19 2.11 68.34 ; 
1944 8.47 3.77 8.12 56.63 
1945 6.34 4.54 6.11 66.82 
1946 4.01 6.31 56.55 
1947 5.48 5.22 2.79 53.97 
1948 3.05 2.17 5.46 50.95 
1949 4.15 3.21 2.65 47.55 « 
1950 5.25 3.37 7.09 61.49 ‘ 
Av. 
20 yrs. «4.55 3.45 4.98 5.90 84.58 57.88 
Year Jan. 


RAINFALL IN NEW ENGLAND 


PITTSBURG RESERVOIR, N. H.—Elevation 1,350 feet 
ecord: January, 1940, to December, 1950 


Feb. b . May June y Aug. Sept. Oct. lov. Dee 
0.72 4.13 3.6 my 3.53 1.42 -87 1.97 
5.67 2.20 3.29 2.5 1.48 

.57 2.62 4.18 2.04 
3.10 3.91 4.2% 1.13 
y 1.29 

2.01 

2.66 


1.40 


Annual 


| 
Ce oS 


1.40 


1.44 


oo 
x 


PLYMOUTH, N. H. 
Record: January, 1888, to December, 1950 
Mar. Apr. Sept. Oct. 
2.13 2.3 5.37 2.19 
1.85 2.34 3.93 
1.43 2.7: 3.57 3.24 
4.62 2.93 1.18 4.59 


Annual 


3.07 2. 3.36 3.10 


3.30 1.56 2.83 3. 3.6 5.22 
3.89 2.71 2.05 6 7 ‘ 0.68 
2.16 2.77 2.68 5 5 2.16 
4.29° 2.89 1.95 2. 83 

1950 4.87 4.12 3.22 73 3.9 2.3 2.94 2.48 2.66 


* Interpolated. 


RANDOLPH, N. H. 
Record: January, 1941, to September, 1949 


Mar. Apr. July Sept. Oct. Annual 
2.06 0.67 
5.10 4.20 
2.46 3.90 

2°81 


37.67 
19.65 
49.85 
$6.95 


60.17 


44.79 


19.88 


2 

4. 
4. 
5. 
4. 
1 

4. 


4.95 4.46 


SOUTH DANBURY, N. H.—Elevation 690 feet 
Record: January, 1940, to December, 1950 

Year 
1940 
1941 
1942 
1943 
1944 
1945 


June July Aug. Sept. Oct. 
5.29 3.20 1.16 
4.75 


7.79 


bo 


rw 
wwe 


m rr 


io 
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Year Ja 
1940 30.71 
1941 26.80 
1942 32.55 
1943 40.32 a 
5 1944 31.89 
1945 41.75 = 
1946 36.29 
1947 é 11 39.51 
1948 196 2.13 5.30 2.14 
1949 1.89 1.66 2.32 2.51 b 2.75 2.77 2.26 2.37 31.61 Ba 
‘ 1950 3.29 2.32 2.17 4 197 2.11 2.56 
Av. 7 
9 yrs. 169 MM 1.83 2.35 MM 4.92 4.00 2.53 4.23 2.99 3.30 1.82 34.58 a 
Year Nov. Dec. 4 
; 1942 5.25 4.26 38.68 a 
1943 5.19 O.85 41.28 ‘ 
1944 2.57 25.58 
1945 = 4.52 5.56 47.38 
Av. 
58 yrs. Po 3.04 3.53 3.89 3.42 3.81 3.15 3.33 4.11 39.50 
‘ 2.16 3.29 41.44 A” 
4.90 2.11 37.51 
4 40 1.95 
6.49 4.37 41.63 
Year Jan. Feb. 
1941 3.54 07 
1942 1.63 .58 
1943 1.32 .78 
1944 1.75 .02 
: 1945 3.78 82 2.37 6.23 9.24 4.90 4.07 84 6.50 7.6! 65 a 
- 1946 3.15 .54 0.96 3.14 4.38 3.27 17 93 3.36 3.27 4.33 “Ss 
1947 3.23 .80 4.77 2.61 6.29 7.19 4.70 -96 64 0.95 6.08 157 7 ’ 
; 1948 1.97 21 2.51 2.76 6.76 2.92 3.09 90 10 3.81 6.73 4.12 2 
: 1949 2.06 68 2.17 3.14 3.94 4.16 3.63 -14 78 5 
Av. 
7 yrs. 2.46 2.33 3.04 3.17 5.01 Po 3.27 3.80 3.96 5.92 3.19 45.57 fs 
Nov. Dec. Annual! 
5.09 3.33 41.41 
2.75 3.69 32.76 
“4 4.66 4.92 41.53 
6.13 0.60 38.03 
> 18 2.22 3.57 39.06 ay 
J 1.73 6.21 5.62 51.27 
1946 3.25 3.02 1.99 3.99 43.17 
1947 3.63 3 0.35 5.52 2.12 36.75 
1948 2.25 .03 5.16 2.95 36.46 
1949 3.66 15 - 866-438 
? 1950 4.03 52 68 7.02 4.01 39.81 
Av. 
7 11 yrs. 2.83 | i 2.80 2.91 $.92 4.738 3.77 2.70 2.79 2.44 4.49 3.29 39.24 
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SOUTH LYNDEBORO, N. H.—Elevation 649 feet 
—— Record: January, 1945, to December, 1950 
Year _ Jan. Feb. Mar. Apr. May June _July Aug. Sept. ual 
1945 3.23 4.15 1.62 4.22 6.49 6.28 6.70 2.67 2.47 a 
1946 3.63 3.53 1.61 2.84 6.10 3.14 3.35 5.92 4.41 ls 
1947 3.41 2.84 3.15 3.72 3.72 4.45 5.47 2.71 3.21 9 
1948 2.87 1.65 2.43 3.09 6.14 4.73 3.76 0.99 0.50 g 
1949 4.69 2.31 1.44 4.87 8.85 1.53 3.79 2:30 1.67 37.74 
1950 4.97 2.92 3.86 2.10 2.17 1.82 5.46 1.70 2.76 5.88 4.90 = 
Av. ry 
Syrs. _3.57 2.90 2.05 3.75 5.26 4.03 4.61 3.27 3.10 1.81 4.80 3.21 42.36 
STODDARD, N. H. 

=e Record: November, 1944, to December, 1950 : 
Year Jan. Feb. _ Mar. Apr. May June July Aug. Sept. Oct. . Nov. _Dec. Annual 
1944 — -- - -- - - - — 424 3.29 -- 
1945 4.73 4.76 2.00 7.38 7.30 8.44 7.25 1.80 3.17 3.11 5.79 5.50 61.23 
1946 3.06 3.41 1.61 2.62 7.01 3.48 3.32 5.22 3.34 1.93 2.38 4.82 42.20 
1947 4.20 2.98 7.16 3.49 4.19 5.12 3.67 1.91 2.62 0.98 7.34 3.19 46.85 
1948 2.60 4.08 4.07 6.55 4.73 3.25 1.68 1.18 2.34 6.01 4.68 44.16 
1949 4.97 2.20 2.11 3.81 3.71 1.15 3.96 4.31 4.42 2.29 2.57 2.70 38.20 
__4.68 _3.34 3.97 2.77 2.77 4.28 118 418 361 298 8.1 154.78 46.49 
Syrs.__410 3.22 3.49 4.02 65.26 4.54 3.77 3.18 3.03 227 5.37 4.28 46.53 

SURRY MOUNTAIN DAM, N. H.—Elevation 540 feet 
Record: August, 1940, to December, 1950 
Year Jan. _ “Feb. _Mar. Apr. May June July _Aug. Sept Oct. Nov Dec. Annual 
1940 _ - - - 1.77 2.47 0.81 5.64 3.89 ~- 
1941 1.36 1.41 — 3.10 2.85 3.93 2.49 1.49 1.91 3.09 2.87 _ 
1942 1.59 5.52 1.47 3.91 2.72 5.81 1.63 2.93 2.70 4.44 4.12 39.51 
1943 1.61 2.06 3.44 3.67 2.89 2.23 3.71 1.32 4.81 5.68 0.49 33.91 
1944 2.83 4.05 3.02.76 6.20 3.16 1.95 6.74 1.71 2.80 1.91 36.83 
1945 3.27 1.65 6.03 4.86 7.97 4.86 1.45 2.89 2.74 3.42 3.05 45.92 
1946 2.62 1.16 2.02 6.00 2.25 2.57 4.27 4.69 1.36 1.09 3.62 33.85 
1947 2.11 3.09 3.16 3.23 4.50 5.438 1.75 2.21 1.01 5.58 1.89 37.69 
1948 2.08 2.79 3.45 5.32 4.78 4.50 2.00 0.14 1.21 5.38 2.55 36.49 
1949 10 _1.80 1.59 249 429 212 2.71 3.53 446 1:86 2.09 245 33.49 
1950 2.51 2.74 3.28 230 3.25 123 4.50 3. 3.90 1.28 6. 92 2.87 39. 
9 yrs 2.93 2.21. 2.74 3.15 3.93 4.08 3.61 2.75 3.25 4.16 2.55 37.44 
WENDELL, N. H. 
____ Record: January, 1940, to December, 1950 
Year __ Jan. Feb. ~ Mar. Apr. May June July Aug. Sept. Oct. __ Nov. __ Dee. “Annual 
1940 1.55 2.84 2.66 3.37 1.31 3.85 35 4.31 3.14 _ 
1941 1.73 2.35 1.66 - 12 4.00 1.94 1.56 1.72 1.88 3.62 - 
1942 2.47 41.81 4.41 1.80 2.72 3.96 3.57 0.75 2.54 1.84 4.46 4.36 34.69 
1943 2.07 1.51 1.73 2.75 5.70 2.59 3.54 4.78 1.84 4.52 4.53 0.56 36.12 
1944 148 2.30 2.90 2.82 6.55 3.24 1.15 4.81 3.17 2.93 2.16 35.05 
1945 3.58 2.73 1.65 5.64 65.25 4.08 5.34 0.74 3.17 3.06 5.64 3.81 44.69 
1946 2.45 2.23 1.19 2.47 5.87 2.34 3.95 3.73 5.34 1.32 1.41 — _ 
1947 — 2.02 3.92 2.64 4.13 4.99 3.56 0.93 1.69 0.31 _ 2.45 ~—- 
1948 2.12 1.70 2.27 3.95 4.73 3.50 1.91 2.84 2.18 1.50 4.09 3.80 34.59 
1949 8.23 1.67 1.18 1.87 2.63 1.75 1.69 2.15 3.93 __1.36 148 1.70 24.64 
1950 95 65 _3. 25 188 2.04 337 1. 60 1.53 6. 44 
6 yrs. 2.49 _1. 95 _2. 36 3.14 3.76 3.74 3.22 2.07 3 08 2.57 8.85 2.73 34.96 
i¥ 


q 
i 
‘ 
. 
13 * 


1949 


Feb. 


_ Mar. 


— 2.82 
2.97 2.30 
2.21 2.90 
148 2.81 
2.28 2.60 
1.76 


2.77 


2.68 


WENTWORTH, N. H. 
Record: September, 1944, to December, 1950 


May June 
6.54 5.19 
4.53 2.70 
5.69 4.45 
5.97 2.76 
3.11 2.38 
1.72 3.41 


WEST LEBANON, N. 


= Record: January, 1930, to December, 1950 
Year _ Jan Feb. Mar. Apr. May June July Aug. Sept. 
1930 2.55 0.76 4.03 0.86 3.96 2.74 1.60 
1931 1.77 1.20 2.31 2.07 5 2.25 3.67 
1932 3.31 1.81 2.88 2.64 4.78 4.42 
1933 1.65 2.29 3.19 5.45 fk 4.84 2.30 
1934 2.21 1.80 2.28 4.95 " 1.29 4.48 
1935 4.93 2.03 1.40 2.47 3.8 2.22 4.08 
1936 4.69 1.91 5.20 3.40 2. 4.12 1.38 
1937 2.88 2.46 3.40 3.00 7.6 3.01 1.11 
1938 3.64 1.89 1.26 2.13 6. 4.50 9.20 
1939 2.52 3.93 A 2.99 1.82 
1940 1.12 2.53 3.56 3.55 3.5 1.00 4.21 
1941 1.51 1.26 1.82 0.40 7.1 1.57 2.00 
1942 1.62 1.34 3.65 2.46 3.16 1.06 3.88 
1943 2.07 1.31 1.87 3.04 i 4.3 6.94 1.80 
1944 1.42 2.03 2.95_ 2.73 2.4 0.89 4.40 
1945 3.67 2.19 1.59 4.80 5.07 5.35 6.18 0.73 4.78 
1946 2.26 2.29 1.23 2.22 3.16 2.26 2.68 4.39 3.38 
1947 3.37 1.99 2.54 1.56 4.64 5.34 5.19 1.87 0.88 
1948 2.65 1.86 2.08 2.89 4.06 2.70 5.71 4.49 1.22 
1949 2.74 2.60 a 162 2.17 2.56 1.80 3.04 3.08 3.76 
1950 341 2.538 2.96 2.16 145 2.65 2.32 2.00 2.22 
Av. 
18 yrs 2.79 1.90 2.58 2.69 3.00 3.52 447 2.77 3.26 
WEST RUMNEY, N. H.—Elevation 610 feet 
____ Record: January, 1940, to December, 1950 
Year Jan. Feb. Mar. Apr. May June July Aug. % 
1940 1.90 2.84 4.66 4.39 5.08 3.68 3.70 1.58 98 
1941 1.49 1.10 1.48 0.94 3.19 3.86 10.36 2.60 52 
1942 2.14 - 5.26 2.70 2.46 10.92 2.86 05 
1943 2.10 1.67 1.82 3.88 8.05 5.55 5.83 6.14 7 
1944 2.69 2.88 1.85 6.80 3.59 1.37 5.83 
1945 4.45 — 1.56 423 548 4.40 119 4.31 
1946 4.67 3.35 1.47 3.04 4.36 4.67 5.86 4.01 
1947 3.67 2.35 3.63 2.23 5.42 4.13 2.17 1.27 
1948 1.92 1.95 3.03 2.99 6.02 1.82 3.24 1.12 
1949 4.25 (3.05 2.16 3.27 2.49 1.66 3.77 4.19 
1950 445 3.18 4.07 2.82 1.52 2.91 5.04 2.92 
Av. 
7 yrs 3.31 2.77 3.24 3.09 3.89 3.67 3.38 3.29 3.05 
WEST STEWARTSTOWN, N. H. 
eer) ___ Record: January, 1925, to December, 1945 

Year Jan. Feb. Mar _Apr. May June July Aug. Sept. 
1942 1.34 2.28 3.55 2.42 2.67 6.35 2.34 2.57 4.65 
1943 0.93 2.12 1.97 5.52 3.80 10.11 4.19 4.74 4.15 
1944 1.14 2.18 2.01 2.41 1.73 3.40 4.43 2.07 5.35 
1945 4.13 2.36 1.92 3.80 5.07 2.5 6.59 1.87 7.78 
Av. 

1.88 2.11 2.51 8.48 4.33 4.38 
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July Aug. 
5.83 1.38 
3.49 3.73 
4.99 1.09 
3.61 3.54 
3.37 6.36 
3.41 3.41 


H. 


447 3.40 


Sept. 
5.64 
4.79 
3.66 
1.24 
1.64 
4.45 
3.31 


2.86 


Oct. 


Oct. 
1.99 


mor 


= ~ 


x 


wot 


2.41 


Z 


= 


Dec. 


Annual 


40.40 
35.49 
37.15 
38.34 
36.59 


Annual 


28.12 
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Year Jan. Ml Apr. Nov. 
i944 4.07 2.69 2.31 — 
1945 4.01 4.96 5.19 4.44 3.93 ae 
1946 3.75 2.73 4.02 2.47 4.05 
1947 3.38 1.89 0.36 5.36 1.93 
1948 2.20 2.23 2.16 5.65 3.10 
2.97 2.50 2.86 2.84 2.62 
1950 3.97 2.44 2.18 5.19 3.02 4 & 
Av. 
5 yrs. 3.25 2.14 2.36 4.20 3.77 3.63 | 2.32 4.30 2.94 37.59 
Nov. Dec. ag 
2.39 O85 
{ 1.10 2.80 37.00 
4.89 1.06 36.22 
1.69 2.50 32.08 . 
3.44 3.07 36.84 
4.10 1.09 35.11 
2.05 3.64 38.42 
3.47 2.62 43.44 if 
2.94 4.07 42.70 
2.38 2.07 - 
3.05 
2.09 2.36 28.48 
4.62 3.07 34.36 
4.36 0.66 
| 1.59 2.30 31.49 
4.74 2.70 45.77 
1.51 3.22 31.17 
4.80 2.26 34.84 
5.18 2.76 37.67 
1.98 1.33 28.96 
: 4.50 1.91 29.86 
. 2.57 3.17 2.42 35.14 4 
Oct. Dee. Annual 
1.19 2.89 39.90 
95 
4.14 - 
2.60 38.87 
5.09 — 
s 4.72 46.53 
2.82 37.14 3 
3.59 37.55 
2.11 36.89 
a 3.55 42.79 
* Oct. Nov. Dec. Annual a 
2.95 3.55 2.57 37.24 4 
4.13 4.36 1.17 44.19 - 
4.49 2.05 2.13 33.39 a 
3.64 2.95 2.24 44.89 
3.70 3.00 2.30 37.80. 
4 


Year 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 


Av. 
10 yrs. 


1946 
1947 
1948 
1949 
1950 5.10 


Av. 
17 yrs. 3.87 


Year 
1941 
1942 
1943 
1944 
1945 
1946 


Av 


18 rs. 


= 


2 
& 
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WINCHESTER, N. H.—-Elevation 174 feet 
Record: January, 1940, to December, 1950 __ 


Apr. May June July Aug. Sept. Oct. 


4.71 4.44 2.82 2.76 1.26 1.77 
0.49 2.13 2.57 6.82 2.80 1.69 
1.18 3.32 1.82 5.74 1.21 3.70 
1.31 
3.15 
5.97 
2.09 
3.13 
3.11 
3.12 
3.93 


t 


1.19 2.05 2.20 1.75 
5.04 5.05 1.20 7.59 
6.19 6.19 1.66 1.94 
3.54 4.15 6.13 4.35 
3.48 3.90 0.91 3.26 
6.16 2.22 1.80 0.30 
144 2.67 1.97 5.45 
3.42 2.39 6.56 1.69 


to 


rw 


we wow 


2.75 


wo 
rw 


3.48 4.12 2.64 3.17 


WOLFEBORO FALLS, N. H.—-Elevation 520 feet 
Record: May, 1931, to December, 1950 


Mar. Apr. May June July Aug. Sept. 
5.95 1.88 91 2.92 3.46 1.64 2.36 
2.35 4.10 3.389 3.52 0.63 
4.10 3.06 21 6.70 3.0% 28 7.28 
2.00 3.53 24 6.68 3. .79 2.15 
1.54 3.07 .55 3.05 3.6% 5.40 4.61 
3.91 2.54 5.33 6.23 3.72 .83 2.54 
2.97 2.61 .39 2.90 2.5 2.39 0.35 
1.93 3.32 3.i 2.94 =3.47 
4.47 2.59 0.97 1.82 AS 2.29 


3.60 3.33 3. 3.2 2.62 3.48 


WOODSTOCK, N. H.—Elevation 720 feet 
Record: January, 1941, to December, 1950 
Aug. Sept. 
3.95 
1.45 
6.82 


| 


YORK POND, N. H.—Elevation 1,500 feet 
3 Record : February, 1931, to December, 1950 


4.86 3. 4.09 1.69 86 6.21 2.27 
2.93 5. 3.7% 4.36 
4.16 3. 3.6% AS 4.40 


~_Nov. Dee. Annual 


5.56 
3.21 
5.28 
5.19 
3.11 


0.85 
4.89 
5.38 
1.93 
6.07 


3.34 
3.40 
4.91 
0.57 
2.31 


3.96 


4.25 
2.56 
2.57 
2.71 


3.88 


30.53 
39.73 
29.78 
37.80 
48.04 
39.01 
36.80 
37.06 
33.49 
43.75 


37.60 


“Nov. é Dec. Annual 


4.72 
6.04 
4.14 
4.91 
2.18 
4.76 
6.91 
3.54 


_ 1.55 


4.71 


Apr. y June July - Sept. Oct. Nov. | “Dee. Annual 


7.48 
2.14 
5.05 


2.84 3. 79 2.86 5.08 2.93 


1.89 3. 2. 1.09 
3.41 7 AE 5 

2.40 


6.76 


5.77 
0.84 
3.09 
5.28 
3.84 
2.70 
4.39 
1.75 
4.23 


3.58 


37.91 
41.27 
40.94 
48.07 
40.79 
39.66 
39.45 
33.15 
39.04 


41.12 


Dec. Annual! 


3.53 


2 44.06 


4.12 
1.33 
4.10 
3.26 
4.64 
1.56 
2.96 


_8.82_3.84 _3.26 _ 


33.47 
41.63 


37.02 
54.11 
47.08 
44.33 
44.67 
44.55 
49.19 


39.00 


41.46 
48.20 
43.53 
43.01 
39.32 
37.25 
41.17 
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~ Jan. Feb. Mar. 
1.99 0.96 
2.14 .74 1.75 
2.85 52 2.62 
2.33 77 4.55 
1.44 15 2.01 
3.80 8.29 245 
2.66 0.98 1.33 
4.05 2.12 
2.30 1.21 
_ 4.32 2.37 
1942 2.15 2.92 2.23 
; 1943 2.44 2.11 3.66 
1944 1.71 2.91 2.43 = 
1945 4.35 3.61 4.05 
2.61 1.69 
2.25 0.19 
1.81 2.23 
2.56 1.85 ; 
2.68 2.18 
Jan. Oct. No. 
1.30 5.70 2.52 
2.37 3.17 6.06 3.49 | 
; 1.52 4.77 6.35 0.96 
1.09 4.26 0.94 5.72 3.59 2.38 2.25 / 
_ 4.08 6.24 0.54 5.89 6.23 4.43 4.63 
3.08 3.71 7.338 5.73 3.15 3.99 4.93 
1947 5.39 8.61 2.26 1.385 0.94 4.35 1.38 
1948 2.05 3.28 4.17 1.41 2.24 8.64 4.57 ; 
1949 4.75 4.70 4.40 65.06 2.76 3.87 2.62 
1950 5.36 3.45 4.09 3.07 3.93 8.01 3.34 
9 yrs. 3.27 63.18 4.12 4.27 4.68 3.24 4.03 3.52 4.91 : 
1942 1.31 2.37 4.94 
1943 1.51 2.23 2.60 
1944 1.97 2.19 2.83 
1945 3.62 3.01 2.52 4 
1946 3.20 2.92 1.59 
1947 3.92 2.58 5.07 j 
ir. 1948 2.38 1.88 2.79 q 
1949 4.538 2.47 2.17 3.20 3.37 
1950 4.20 2.69 3.52 6.92 2.58 
5.85 4.86 4.19 
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PROCEEDINGS 


NOVEMBER 1955 MEETING 
Hote. STATLER, Boston, Mass. 


THURSDAY, NOVEMBER 17, 1955 


President Allan F. McAlary in the Chair. 


Secretary Knox announced the election of the following to mem- 
bership in the Association: 


Joseph M. Hackett, Chairman, Board of Water Commissioners, 
Hanover, Mass.; Matthew E. Kearns, Jr., Manager, Bernon LeMoine 
Water Company, Kingston, R. I.; William G. Wilkie, Assistant Water 
Works Engineer, Schenectady, N. Y.; Richard F. Mason, Utility En- 
gineer, Maine Public Water Utilities Commission, Augusta, Me.; 
Paul C. Ross, Senior Sanitary Engineer, Massachusetts Department of 
Public Health, Boston, Mass.; John K. Carr, Vice-President, Tekton 
“Associates, Inc., Consulting Engineers, Natick, Mass.; Robert Veo, 
Sanitary Engineer, Tekton Associates, Inc., Consulting Engineers, Na- 
tick, Mass. 


A paper on “Radar in Flood Forecasts and Warnings” was read 
by William E. Hiatt, Chief, Hydrologic Services Division, U. S. 
Weather Bureau, Washington, D.C. 


A paper on “Floods of August, 1955, in New England” was read 
by Harvey B. Kinnison, District Engineer, U. S. Geological Survey, 
Boston, Mass. 


A paper on “Experiences with Public Water-Supply Damage in 
the Connecticut Flood Disaster of 1955” was read by Warren J. 
Scott, Director, Bureau of Sanitary Engineering, State Department of 
Health, Hartford, Conn. 
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PROCEEDINGS 


DECEMBER 1955 MEETING 
Hote. STATLER, Boston, Mass. 


THURSDAY, DECEMBER 15, 1955 


President Allan F. McAlary in the Chair. 


The President announced the election of the following to mem- 
bership in the Association: 


John B. Donohoe, Sales Engineer, A. P. Smith Manufacturing 
Co., Springfield, Mass.; Edward H. Haley, Chairman, Board of Water 
Commissioners, Winthrop, Mass.; George H. Hill, Member, Board of 
Water Commissioners, Winthrop, Mass.; Gerald H. Lamprey, Sales 
Engineer, B-I-F Industries, Manchester, Me.; Karl H. Schamberger, 
Engineer, Bureau of Water Supply, Baltimore, Maryland; Chester R. 
Spinney, Member, Board of Water Commissioners, Winthrop, Mass. 


Associate Member: Walworth Co., Boston, Mass. 


PRESIDENT McAtary. Since our last meeting three members of 
the Association have passed away, two of them having been Honorary 
Members: 

Theodore L. Bristol of Ansonia, Conn. 
Stephen H. Taylor of Saco, Me. 
James A. Newlands, of Hartford, Conn. 


Let us stand in silence for a moment out of respect to their memory. 


[The members stand in silence. | 


Commander John J. Albers, Engineer Corps, United States Navy, 
Boston, Mass., gave an illustrated talk on the “Texas Tower.” 


Kenneth J. Carl, Engineer, National Board of Fire Underwriters, 
New York, N. Y., gave a talk on “Water Supply and Municipal Fire- 
Protection Classifications.” 
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PROCEEDINGS 


JANUARY 1956 MEETING 
Hore. STATLER, Boston, Mass. 


THURSDAY, JANUARY 19, 1956 


President Allan F. McAlary in the Chair. 


Sécretary Knox announced the election of the following to mem- 
bership in the Association: 


Harrison R. Medding, Jr., Superintendent, Water Department, 
Warner Village Fire District, Warner, N. H.; Ernest J. Sullivan, Sani- 
tary Engineer, Massachusetts Department of Public Health, Boston, 
Mass.; William D. Monie, Chief Engineer, Portland Water District, 
Portland, Me.; Howard W. Anderson, Superintendent, North Kings- 
town Water Works, North Kingstown, R. I. 


A paper on “Laying of Subaqueous Pipe Line’ was read by 
William Dexter, Project Manager, Verrier Construction Co., Port- 
land, Me. The paper was illustrated by slides and moving pictures. 


William A. Tompkins, Chief Aquatic Biologist, Massachusetts 
Division of Fisheries and Game, Westborough, Mass., gave a talk on 
“Fishery Management in Relation to Water Supplies.” Moving pic- 
tures were shown. 
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i ADVERTISEMENTS 


ENGINEERS 


Coffin & Richardson, Inc. 
Consulting Engineers 


Water Supply, Sewerage, Flood Control 
Investigation, Design, Valuation 


Incinerators 


68 Devonshire St. .... Boston, Mass. 


FAY, SPOFFORD & THORNDIKE 


ENGINEERS 


Ralph W. Horne 
William L. Hyland 


John Ayer 

Bion A. Bowman 

Carroll A. Farwell Frank L. Lincoln 
Howard J. Williams 


Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 


Investigations Reports Designs Valuations 
Engineering Supervision 


11 BEACON STREET BOSTON 


HALEY & WARD 
ENGINEERS 
Successors to Frank A. Barbour 
Water Works and Sewerage 
Valuations 


Supervision of Construction and 
Operation 


TREMONT BUILDING BOSTON, MASS. 


MORRIS KNOWLES 


Engineers 


INC. 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Industrial 
Wastes, Valuations, Laboratory, 
City Planning. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 


& 
j 

MALden 2-3800 


Gunite Restoration Co., Inc. 


Specializing in Pressure Concrete and 
Grouting 


595 Broadway, Malden 48, Mass. 


METCALF & EDDY 
ENGINEERS 


Water, Sewage, Drainage, Refuse and 


Industrial Wastes Problems 
Airports Valuations 


Statler Building 
Boston 16 


R. E. CHAPMAN COMPANY 


Oakdale, Massachusetts 


GRAVEL DEVELOPED AND 
GRAVEL PACKED WELLS 


All Sizes to 60” Diameter 
Best Equipped for Complete Test Drilling and 
Development of Large Supplies 


5-3727 
Tel. WEST BOYLSTON {33997 


IRVING B. CROSBY 


Consulting Engineering Geologist 
Investigations and Reports 
Dams, Reservoirs, Tunnels, Ground 
Water Resources and Supplies 


6 Beacon Street, Boston 8, Mass. 


CAMP, DRESSER & McKEE 


Consulting Engineers 


6 Beacon Street 
Boston 8, Massachusetts 


Water Works and Water Treatment; Sewerage 
and Sewage Treatment; Municipal and Indus- 
trial Wastes; Investigations and Reports; De- 
sign and Supervision; Research and Develop- 
ment; Flood Control. 


Leggette, Brashears and Graham 


Consulting Ground Water Geologists 


Water Supply Salt Water Problems 
Investigations 


Reperts 


Dewatering 
Recharging 


551 Fifth Avenue New York 17, N. ¥ 


: 
| 


ADVERTISEMENTS 


ENGINEERS 


Malcolm Pirnie Engineers 
Civil and Sanitary Engineers 


Malcolm Pirnie 
Robert D. Mitchell 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd St. New York 36, N. Y. 


Ernest W. Whitlock 
Carl A. Arenander 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Sewerage 
Chemical and Bacteriological 


Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER ASSOCIATES, INC 
ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurements & Special 
Hydraulic Investigations 


50 Church Street 


New York City 


WHITMAN & HOWARD 


Engineers 
Established 1869 


Investigations, Designs, Estimates, 

Reports and Supervision, Valua- 

tions, etc., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


Charles A. Maguire & 
Associates 


Engineers 


14 Court Square 


Boston 8, Mass. 


PIERCE -PERRY CO. 


Wholesalers ef 
Water Works Brass Goods 
Byers Wrought Iron Pipe 

Youngstown Steel Pipe 
Valve and Service Boxes 


236 Congress St., Boston, Mass. 
Telephone, HAncock 6-7817 — 6-7818 


Hazen and Sawyer 
ENGINEERS 
RICHARD HAZEN 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd St. 


ALFRED W. SAWYER 


New York 17, N. Y. 


LAYNE - NEW YORK CO. 


Inc. 
SUCCESSORS TO 


Layne-Bowler New England Corp. 


Well Water Supply Contractors 
New England Headquarters 


15 Ryder Street, Arlington, Mass. 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - KIrkland 7-1438 


Cambridge, Massachusetts 


Anderson-Nichols and Company 
Consulting Engineers 


150 CAUSEWAY STREET 
BOSTON 14, MASSACHUSETTS 
Baltimore, Md. Concord, N. H. 
Water Supply, Distribution and Treatment, 
Industrial Waste Treatment, Sewage Collec- 
tion and Disposal, Refuse Collection and 
Disposal, Drainage, Highways and Bridges. 
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ADVERTISEMENTS. 


crorce A. CALDWELL company 


CALDWELL adopted a slogan in 1936 for what we had been selling 
since becoming established in 1921. This is the slogan 


“Everything for Water Service Work from Main to Meter” 


And since 1921 we have steadily improved the qualities of our 
lines and our services to you... . 


Our business continues to grow because of this service, which has 
brought to us many new friends and customers besides those who 


have been with us since 1921. 


It is a pleasure to meet you and put our story before you again 
through the pages of this journal. 


GEORGE A. CALDWELL CO. 
592 East First Street South Boston 27, Massachusetts 
Phones ANdrew 8-1172 — 8-1173 


The Heffernan Press 


150 Fremont Street 


WORCESTER, MASSACHUSETTS 


Printers to 
THe JouRNAL OF THE New EncLtanp Water Works ASSsociATION 


and other good publications. 
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meter 


HERSEY MANUFACT 


e Cuts installation time 


e Provides permanent, 
water-tight seal 


Here is a great new 
advance in water works 
engineering! Now, using 
the new “Century” Fluid- 
Tite Coupling, crews can 
lay more ‘‘Century”’ 
Asbestos-Cement Pressure 
Pipe per hour than ever 
before. No cumbersome 
coupling pullers are needed, 
“Century” Fluid-Tite Pipe 
can be easily connected 
with standard valves, 
hydrants and fittings. 


Thanks to the speed and 
simplicity of using ‘‘Fluid- 
Tite” Couplings, there is 


no need to hold up pipe- 
laying operations in rain, 
snow or wet trench condi- 
tions. Specify ‘‘Century” 
Fluid-Tite Couplings with 
“Century” Pipe for rapid 
installation, plus full flow 
and low maintenance 
through the years. Write 
us today for complete 
details. 


“Century” Fluid-Tite 
Pipe and Couplings meet 
A.W.W.A., A.S.T.M. and 
Federal specifications and 
are approved by Under- 
writers’ Laboratories, Inc. 


KEASBEY & MATTISON 


COMPANY AMBLER « PENNSYLVANIA 
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BLF-ENERGIZING SEALING RINGS 


allow pipe to slide into coup- 
ling easily. Water pressure 
automatically expands the 
i ings. The higher the internal 


water pressure, the tighter 
he seal. 


New self-energizing “Fluid- When main is filled, rings 
Tite” sealing rings have expand with application 
tapered surfaces, and com- of internal water pressure, 
press, to permit pipe to creating a tighter seal. 
Slide in easily. 


*®Patent applied for 
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WATCH DOG 


ON GUARD 24 HOURS A DAY 


Profits in water service today are measured in 
pennies. Worthington-Gamon WATCH DOG 
Water Meters guard your profits three vital ways: 


| Accuracy. . . provides precise measurement 
of water. 
Simplicity. . . of design makes for ease of 
repair. 


Durability . . when you invest in WATCH 
DOG Meters, you are assured of long life 
equipment. 

The majority of large U.S. cities are using 
WATCH DOG Meters. Write today for de- 
tailed information, concerning your specific re- 
quirements. Representatives and offices in all 


rincipal cities. 
SPLIT CASE 


(2). = 


WORTHINGTON-GAMON METER DIVISION 
WORTHINGTON CORPORATION 
296 SOUTH STREET, NEWARK 5, NEW JERSEY 


“The sign of value around the world" 
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{HYDRO-TITE' 


(POWDER) 


For over 40 years HYDRO-TITE has been faithfully 
serving water works men everywhere. Self-caulk- 
ing, self-sealing, easy-to-use. Costs about 1/5 as 
much as lead joints. Packed in 100 Ib. moisture- 
proof bags. 


{HYDRO -TITE’ 


(LITTLEPIGS) 


The same dependable compound in solid form — 
packed in 50 Ib. cartons — 2 litters of pigs to the 
box — 24 easy-to-handle Littlepigs. Easier to ship, 
handle and store. 


FIBREX 


(REELS) 


The sanitary, bacteria-free joint pack- 
ing. Easier to use than jute and costs 
about half as much. Insures sterile 
mains and tight joints. 


HYDRAULIC DEVELOP ‘CORPORATION 


Mam Sales Offee Church Street, New You Ge Medford Station. Boston. 
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Transite 
Pressure Pipe 
assures dependable 
service through 
the years 


Encinerrs and city officials face much the 
same problem in pipe selection. It is twofold: 
(1) How to make sure the community gets many 
long years of trouble-free performance from its 


: : pressure mains, and (2) How to do this as eco- . 
i nomically as possible by choosing pipe for F 
durability plus savings. 
Transite” Pressure Pipe is solving this prob- 
= lem in hundreds of municipalities and water 4 
F districts from coast to coast. Here’s why. An 


asbestos-cement product, strong and durable 
and highly resistant to corrosion, it has effected 
economies in installation as well as operation. 

For example, the community benefits even at 
the very outset, since both handling and assem- 
bly of Transite Pressure Pipe are so simple that 
crews can install as fast as trench is opened. 
This means lower installed costs. 


Another Transite Pipe characteristic instantly 
recognized by engineers as of major importance 
is its smooth interior that stays smooth. This 
provides maintained high flow capacity. (Flow 
coefficient is C= 140.) 


For further information about Transite Pressure Pipe with the Ring- 
Tite’ Coupling, write for Booklet TR-160A. Address Johns-Manville, 
Box 60, New York 16, N. Y. In Canada, Port Credit, Ontario. 


TRANSITE PRESSURE PIPE JM 
with the RING-TITE Coupling 
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Dirty, clogged water mains are a serious—dangerous threat 

to any fire fighting organization. Low water pressure caused by 
incrusted pipes often makes the difference between minor damage 
and major conflagration. Yes, dirt can mean disaster. 

Your community deserves the extra-protection of clean water mains. 


And, National with almost a half-century of cleaning 
experience can guarantee restoration of any water main to 
at least 95% of its original rated capacity! 


Call National today—tomorrow could be too late! 


atl ex 


ATIONAL WATER MAIN CLEANING COMPANY 
y 50 Church Street * New York, N.Y. 


ATLANTA, GA., 333 Candler Building © BERKELEY, CALIF., 905 Grayson Street © DECATUR, GA., 

P. O. Box 385 © BOSTON, MASS., 115 Peterboro Street CHICAGO, 122 So. Michigan Avenue ® 
ERIE, PA., 439 E. 6th Street © FLANDREAU, S.D., 315 N. Crescent Street © KANSAS CITY, MO., 
406 Merchandise Mart and 2201 Grand Avenue ® LITTLE FALLS, N.J., Box 91 © LOS ANGELES. 
5075 Santa Fe Avenue ® MINNEAPOLIS, MINN., 200 Lumber Exchange Building © RICHMOND, 
VA., 210 E. Franklin Street © SALT LAKE CITY, 149-151 W. Second South Street © SIGNAL 
MOUNTAIN, TENNESSEE, 204 Slayton Street ®© MONTREAL, CANADA, 2032 Union Avenue ® 
WINNIPEG, CANADA, 576 Wall Street © HAVANA, CUBA, Lawrence H. Daniels, P. O. Box 
531 ® SAN JUAN, PUERTO RICO, Luis F. Caratini, Apartado 2184. 
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WY SILAGTOR”... 
Activates Silica with Chlorine 


Activated silica is a powerful coagulant aid and has been used 
in water and waste treatment for many years. The coagulation 
and sedimentation of waters that are difficult to treat using 
the usual coagulation chemicals and methods are improved 
when activated silica is employed as a coagulant aid. 


The WT Silactor® (pronounced Sill-actor) prepares and 
applies chlorine activated silica on a continuous basis. Cumber- 
some, space-consuming batch tanks are eliminated by the easily 
controlled, compact WT Silactor. Sodium silicate is pumped 
directly from the shipping drum and is rapidly activated by 
metered chlorine within the unit. The storing and handling of 
acids or uncommon treatment chemicals are eliminated. 


For complete information about the WT Silactor®, ask your 
local Wallace & Tiernan representative for Catalog File 
60.110, or write to the address below. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 
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EDDY FOR LONG SERVICE 


Simplicity - Efficiency - Durability 


Check... 


- One piece rising stem. 

. Automatic and positive drip. 

. Swivel hydrant head. 

. Clear large waterway. 

. Minimum friction loss. 

. All bearing parts bronze mounted. 


. Can be used for flushing. 


- No frost case necessary. 

. No derrick or hoist required. 
- No water hammer. 

. Easily repaired by one man. 


. Main valve controlled at base. 


Hi. R. Prescott & Sons, Inc. 


NEW ENGLAND SALES AGENTS 


Box 7 : Greendale Sta. 
Worcester 6, Massachusetts 
Tel. West Boylston TE 5-4431 


EDDY VALVE COMPANY 


WATERFORD, NEW YORK 
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ADVERTISEMENTS. 


For Trouble-Free Service 


ENDS OF THE LINE 


_ At the Main 


HAYS Corporation Stops 
or Duo-Stops 


Installed with > 

HAYS Model “8” At the Curb— 
Tapping Machine HAYS Curb Stops and 
or Drilling Machine HAYS Curb Boxes 


WATER SERVICE PRODUCTS 


For underground installations, only the highest 
quality should be considered .. . that’s why 
Water Departments all over the country have 


' N been using HAYS Water Service Products for 
= over 80 years. 
HAYS makes a complete line of Corporation 
DUO-STOP, 


CORPORATION STOP and Curb Stops conforming to all A.W.W.A. 
ond SADDLE COMBINED | Standards. 

Have you investigated the advantages of the 
HAYS DUO-STOP, (a combined Corporation 
Stop and Saddle) for safe and easy installation 
on small service lines? 

The HAYS Model B Tapping Machine, with 
aluminum alloy body, is 4 lighter, easier to 
carry, easier and faster to operate, gives more 
working room... really designed for “the man 
in the ditch.” 


MODEL “B” 
TAPPING MACHINE 


Write for literature or ask ‘‘The Man from Hays.” 


Join the A. W. W.A, WATER WORKS PRODUCTS 
Charter’ of HAYS 
HAYS MANUFACTURING CO. 
=p 


the American Water 
Works Association. 


ERIE, PA. 


4 | 
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FLANGED PIPE AND SPECIALS WATER WORKS BRASS GOODS 
CURB AND GATE BOXES HYDRANTS AND VALVES 
CRESCENT DIAPHRAGM PUMPS PIPELINE EQUIPMENT AND TOOLS 


WROUGHT IRON AND STEEL CEMENT LINED PIPE 
LEAD LINED FITTINGS 


EUREKA CEMENT LINED PIPE CO., INC. 


Telephone: LY-3-9550 
591-593 WASHINGTON STREET LYNN, MASSACHUSETTS 


R. H. WHITE CONSTRUCTION CO., Inc. 


GENERAL CONTRACTORS 


Water Mains Pumping Stations 
Pumping Machinery Stand pipe Foundations 
Sewerage Disposal 
41 CENTRAL ST., AUBURN, MASSACHUSETTS 


(Tel. Auburn 8121) 


Pipe Founders Sales Corporation 
CAST IRON PIPE AND FITTINGS 
FOR 
Water, Steam, Gas and Culverts 
Special Flanged and Bell and Spigot Castings 
Lyncast Iron Chemical Castings 


Hl Office: 131 State Street, Boston 9 Warehouse and Yard: East Cambridge, Mass. 


MILLS ENGINEERING CO., INC. 


10 High Street, Boston, Massachusetts 


Representing 
Philadelphia Gear Works, Inc. Bradley Washfountain Co. 
Gears, Speed Reducers Group Washing Equipment 
Limitorque Valve Controls 
American Well Works Blackburn-Smith Mfg. Co., Ine. 
Sewage and Water Process Pneumatic Ejectors 
Equipment Filters 


Pumps Strainers 
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KENNEDY A.W.W.A. Gate Valves" 


Give You More Value For Your Valve Dollar . . . 


O-RING SEALS 


Provide excellent sea! 


pre 


vent binding of stem and 


result in 

operation 
Rings are located 
collar, permit 
under pressure 
on KENNEDY 

stem AWWA 


STRONGER CONSTRUCTION 


very easy 
KENNEDY 


valve 


above 

repacking 
Optiona! 

non-rising 
valves 


Rugged design and construction features iron that is 
50% stronger than ordinary cast iron to keep KENNEDY 


Valves doing a better job over a longer, 
pendable operating life 


KENNEDY manufactures a com- 
plete line of water works valves. 
Sizes range from 2” to 48” includ- 
ing non-rising stem and outside- 
screw-and-yoke valves. These 
valves feature the hook-and-wedge 
type disc mechanism for easier, 
better and more positive valve 
operation. A wide variety of pipe 
connections are available. 


more de- 


KENNEDY Fig. 56 
AWWA. Standard tron-Body 
Double-Dise Gate Valve. with 
Bell Ends 


For maximum service life, for the 
greatest value for your valve 
dollar, specify KENNEDY valves 
and fire hydrants. Remember, 
KENNEDY means dependability 
in valves, fire hydrants and access- 
ories. 


Fig. 56! 


Fig. 566 


Fig. 5666 Fig. 566FTR 


Write today for NEW A.W.W.A. Valve Bulletin 


KENNEDY VALVE mec. co. - exmira, w. 


VALVES 


OFFICE AND WAREHOUSES IN NEW YORK CHICAGO 


PIPE FITTINGS © 


SAN FRANCISCO 


FIRE HYDRANTS 


ATLANTA SALES REPRESENTATIVES IN PRINCIPAL CITIES 
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CALL PRESCOTT 


for 
Emergency Repair 
Materials 
CLOW 
DRESSER 
SMITH-BLAIR 


BOX 7 GREENDALE STATION 


Worcester 6, Massachusetts 
Telephone TEmple 5-4431 


JOURNAL OF THE NEW ENGLAND WATER WORKS 
ASSOCIATION 


AVAILABLE ON MICROFILM 


THE JOURNAL OF THE NEw ENGLAND WATER WorKS ASSOCIATION 
is now available to subscribers on microfilm. This method of repro- 
duction permits libraries, and individuals who have limited storage 
space, to provide legible and durable copies of the JOURNAL in a 
very small bulk. 


Copies of the JoURNAL reproduced in this way are available only 
at the end of the volume year. 


Inquiries concerning purchase should be directed to University 
Microfilms, 313 N. First Street, Ann Arbor, Michigan. 
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1879—ROSS— 1879 


AUTOMATIC VALVES 


Controls elevation 
of water 


in 
tanks, basins 
and 


reservoirs 


ALTITUDE VALVE 
1. Single Acting 
2. Double Acting 


Maintains 
desired discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 

Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 


2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


A self contained 
unit, with 
controls 
three or more 
automatic 


COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution and 
pump 
discharge 


SURGE-RELIEF VALVE 


Electric 
remote control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or second- 
ary control on any of the hydraulically 
controlled or operated valves. 


ROSS VALVE MFG. CO., INC. Box 592 TROY, N. Y. 
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PUBLIC WORKS SUPPLY CO. 


DISTRIBUTORS OF 


“DARLING” Fire Hydrants, Valves, Tapping Sleeves. 
“\DRESSER” Couplings, Sleeves, Clamps. 

“FORD” Meter Test Benches, Yokes, Copper Horns. 

“J-M” Bacteria free Asbestos Yarning Rope—Style 4210 and 4211. 
CAST IRON GATE AND CURB BOXES 


93-95 BROOKLINE ST., LYNN, MASS. Tel. LYnn 2-7823 


Cement Lined Service Pipe 


WE CAN NOW ship your requirements in all sizes of black or galvanized, steel or 
wrought iron pipe from stock. Genuine “Lipco” Cement Lined Pipe and Lead Lined 
Fittings have given and will continue to give years of trouble-free service. 


CEMENT LINED PIPE COMPANY 


93-95 Brookline St. Tel. LYnn 2-7823 Lynn, Mass. 
Pioneer Manufacturers of CENTRIFUGAL CEMENT LINED PIPES 


Liguid Chlorine and 
Sodium Hypochlorite 


Prompt deliveries from nearby plant at Berlin, N. H. 


A PRODUCT OF any 


Berlin, NEW HAMPSHIRE 


SALES or CONTRACT 


R. F. BAHR 


Get Full Service From Old Mains 


The most practical way to meet today’s overload demand 
is to clean clogged water mains. FLEXIBLE Pipe Clean- 
ing Co., specializes in such jobs — any size — 2” to 72”. 


HAMDEN, CONNECTICUT 


41 GREENWAY, 


New England 
Representative 
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Tel. SUDBURY 458 P. O. BOX 153 


HILCO SUPPLY 


delivers 


A Complete Line of Waterworks 
Supplies To All New England 


Quality Products — Fast, Courteous and Dependable Service 


At the Junction of Routes 20 and 27 
SOUTH SUDBURY, MASSACHUSETTS 
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ADVERTISEMENTS. 


Torrington Supply Company, Inc. 
Water Works Distributors 


MUELLER BRASS GOODS — _ STEEL PIPE 
MUELLER TAPPING SLEEVES AND GATES — TOOLS 
MUELLER HUB END VALVES — WATER PUMPS 
COPPER TUBE AND BRASS PIPE 


125 Maple Street, Waterbury, Connecticut 
Telephone — PLaza 6-3641 


PIPE 
VALVES 
FITTINGS 


up to 


Dresser inches ia 


Flanged ae specials up to 


20” made in our own shop. 


j | 
xxii 

KENNEDY WALWORTH | | 

BLAIR 

_OTILITIES SUPPLY CORP. | 


ADVERTISEMENTS. xxiii 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS 


ASBESTOS-CEMENT PIPE. 

BRASS GOODS. 

Eureka Lined Pipe Co. ... 


Torrington Supply Co., Tm. i 
‘ CALKING MACHINERY AND TOOLS. 
; CAST IRON PIPE. (See Pipe, Cast Iron.) 
CEMENT LINED PIPE. (See Pipe, Cement Lined.) 
CHEMICAL FEED 
B-I-F Industries ........ front cover 
CHLORINATORS. 
. Following front cover 
Wallace & Tie:nan Co., Inc. xiii 
CLARIFIERS. 
xvi 
CLEANING WATER MAINS. 
Flexible Pipe Cleaming Co. = xx 
National Water Main Cleaning Co. ............ bah ie xii 
COCKS, CURBS AND CORPORATIONS. 
Eureka Cement Lined Pipe Co. .... 
Hays Mfg. Co. 
Pierce-Perry Co. .......... 
CONCRETE PIPE. (See Pipe, Concrete.) 
CONTRACTORS’ EQUIPMENT. 
Hydraulic Development Corp. ix 
CONTRACTORS. 
Layne-New York Co., Inc. iii 
White Construction Co., R. H. xvi 
COUPLINGS, FLEXIBLE PIPE. 

CURB BOXES. 

Hays Mfg. Co. 

4 Mueller Co. ....... 

PherceePerry Co. 
S H. R. Prescott & Sons, Inc. . 

Public Works Supply Company 
ES Utilitins Supply Corp. 
DIAPHRAGMS, PUMPS. 
% Proportioneers, Inc. % (B-I-F Industries, Ine.) ceccsseee . Following front cover 
EJECTOR, PNEUMATIC. 
Mille Co., xvi 
ENGINEERS. 
Camp, Dresser & McKee . ii 
Coffin & Richardson ........ ii 
Crosby, Irving B. .................. ii 
We. Fay, Spofford and Thorndike .................. ii 

Knowles Morris, Ine. ii 

; Maguire & Associates, Charles A. in 

Metcalf and Eddy fi 
Pirnie Engineers, Malcolm ......... iii 
Weston and Sampson iii 
Whitman and Howard ... iii 


ENGINES. (See Pumps and Pumping Engines.) 
EQUIPMENT. (See Contractors’ Equipment.) 
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Xxiv ADVERTISEMENTS. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


FEED WATER FILTERS. 


% Proportioneers, Inc. % (B-I-F Industries, Inc.) 


Ross Valve Mfg. Co., Inc. 


Following front cover 
xix 


FILTRATION PLANT EQUIPMENT. 
B-I-F Industries 


Following front cover 
xv 


Mills Engineering Co., Inc. 
FLAP VALVES. 
Eddy Valve Co. 


xiv 


FLEXIBLE JOINTS. 
U. S. Pipe and Foundry Co. 


xxviii 


FURNACES. 
Hileco Supply 


xxi 


Hydraulic Development Corp. 


Leadite Co., The 


Back cover 


Mueller Co. 


Following front cover 


Pollard Co., Joseph G. 


H. R. Prescott & Sons, Inc. 


Following front cover 
xviii 


Public Works Supply C 


xx 


Utilities Supply Corp. 
GATE VALVES. (See Valves.) 
GEARS. 

Mills Engineering Co., Inc. 


xxii 


GUNITE CONSTRUCTION. 
Gunite-Restoration Co., Inc. 


HOSE, SUCTION AND CONDUCTION. 
H. R. Prescott & Sons, Inc. 


HYDRANTS, FIRE. 
Caldwell Co., George A. 


iv 


Eddy Valve Co. 


xiv 


Hilco Supply 


xxi 


Kennedy Valve Mfg. Co. 


xvii 


Ludlow Valve Mfg. Co. 


Following front cover 


Mueller Co. 


H. R. Prescott & Sons, Inc. 


Following front cover 
xviii 


Public Works Supply C 


xx 


Rensselaer Valve Co. 


Following front cover 


Smith Mfg. Co., The A. P. 


Following front cover 
xxii 


er Supply Corp. 
Co. 


R. 
HYDRANTS, PUMPS. 
Hileo Supply 


Following front cover 


xxi 


Joseph G. Pollard Co. 


H. R. Prescott & Sons, Inc. 


Following front cover 


LEAD PIPE. (See Pipe, Lead.) 
LIQUID CHLORINE. 
Brown Co. 


xviii 


xx 


METERS, OIL AND WATER. 
Badger Meter Mfg. Co. 


B-I-F Industries 


Hersey Mfg. Co. 


Following front cover 
Following front cover 
v 


Neptune Meter Co. 


Following front cover 


Pipe Founders Sales Co 


xvi 


rp 
Pittsburgh Equitable Meter Div. 


Following front cover 


Worthington-Gamon Meter Div. 
METER COUPLINGS. 
Badger Meter Mfg. Co. 


viii 


Caldwell Co., George A. 


Following front cover 


Ford Meter Box Co. 


iv 
Following front cover 


Hays Mfg. Co. 


xv 


Hersey Mfg. Co. 


v 


Mueller Co. 


Neptune Meter Co. 


Following front cover 
Following front cover 


Public Works Supply Company 

Worthington-Gamon Meter Div. 
METERS (Venturi Type.) 

B-I-F Industries 


xx 
viii 


METER BOXES. 


Following front cover 


Bingham & Taylor Corp. 
Ford Meter Box Co. 


Following front cover 
Following front cover 


Mueller Co. 


Following front cover 
xx 


Public Works Supply Company 
METER TESTERS. 
Badger Meter Mfg. Co. 


Ford Meter Box Co. 


Following front cover 
Following front cover 


Mueller Co. 


Following front cover 


Neptune Meter 


Following front cover 


Public Works Supply Company 


xx 


OIL ENGINES. 
Fairbanks, Morse & Co. 


Following front cover 


PIPE, ASBESTOS-CEMENT. 
Johns-Manville 


x & xi 


Keasbey & Mattison Company 


vi & vii 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


PIPE, BRASS. 
Caldwell Co., George A. 
Hileo Supply 
H. R. Prescott & Sons, Inc. 
Torrington Supply Co., Ine. 
Utilities Supply 
PIPE, CAST IRON (and Fittin; 
-F Industries Following front cover 
. Following front cover 


Hilco 

Founders Sales Corp. 
H. R. Prescott & Sons. Inc. 

U. S. Pipe and Foundry Co. 

Utilities Supply Corp. 

and Pipe Co. 


Cast Iron Pipe Research Association 

Cement Lined Pipe Co. 

Eureka Cement Lined Pipe Co. 

Pipe Founders Sales Corp. ........ 

U. S. Pipe and Foundry Co. 

Utilities Supply Corp 
PIPE, COATING AND LININGS. 

Centriline Corp. Following front cover 
PIPE, CONCRETE. 

PIPE CUTTING MACHINES. 

Caldwell Co., George A. ra 

Joseph G. ..... Following front cover 

ith M Co., The A. P. Following front cover 

PIPE SOINTING MATERIAL. 

Caldwell Co., George A. 

Hilco Supply 

Hydraulic Development Corp. 

Leadite Co., The 

Utilities Supply Corp. 
PIPE, LEAD. 

Pierce-Perry Co. 
PIPE LINING. 

Cement Lined Pipe Co. ....ccccccccccccscceeeee x 

Centriline Corp ‘ .. Following front cover 
PIPE, PRESTRESSED CONCRETE. 


Lock Joi pe Co. 

PIPE, WROUGHT. IRON AND STEEL. 
Pierce-Perry Co. 
Torrington Supply Co., Inc. 

PLUG VALVES. 
Eddy Valve Co. 
Hays Mfg. Co. 
Mueller Co. . Following front cover 
Pittsburgh Equitable Meter Div. Following front cover 

PITOMETERS. 

Pitometer Associates, Inc., T 
PORTABLE AIR COMPRESSORS. “tase Air Compressors.) 
PRESSURE REGULATORS. 
Hileo Supply 
Mueller Co. , . Following front cover 
Pittsburgh Equitable Meter Div. Pp Following front cover 
H. R. Prescott & Sons, Inc. Xvi 

PROVERS, WATER. 

Badger Meter Mfg. CO. Following front cover 
Ford Meter Box Co. Following front cover 

PUMPS AND PUMPING MACHINES. 

Fairbanks, Morse & Co. Following front cover 
Layne-New York Co., Inc. , iii 
Hileo Supply 
Maher Co., D. L. 

Mills Engineering Co., 

Joseph G. Pollard Co. Following front cover 
H. R. Prescott & Sons, Ine. .......ccccccccvseereeeseeeees xviii 
Ross Valve Mfg. Co., Inc. _ : . xix 
Turbine Equipment Co. . Following front cover 
White Construction Co., R. H. 

RATE CONTROLLERS AND GAUGES : 

Badger Meter Mfg. Co. Following front cover 
B-I-F Industries - Following front cover 

REDUCERS, SPEED. 

Mills Engineering Co., Inc. 

SHEAR GATES. 
Eddy Valve Co. 


Facing front cover 


Mueller Co. . Following front cover 


xvi 
FOllowing front cover 
Following front cover 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


SLEEVES AND VALVE TAPPINGS. 

Caldwell Co., George A. 

Eddy Valve Co. 

Hileo Supply 

Ludlow Valve Mfg. Co. 

Mueller Co. 

H. R. Prescott & Sons, Inc. ‘ 

Public Works Supply Company 

Rensselaer Valve Co. 

Smith Mfg. Co., The A. P. . 

Utilities Supply Corp. 
STEEL PLATE WORK. 

Pittsburgh-Des Moines Steel Co. 
STRAINERS 

Mills Engineering Co., I 
SUPPLIES AND TOOLS. 

Caldwell Co., George 

Hileo Supply 

Hydraulic Development 

Leadite Co., The 

Mueller Co. 

Pierce-Perry Co. ..... 

Pollard Co., Joseph 

H. R. Prescott & Sons, Inc. . 

Public Works Supply Company 
TAPPING MACHINES. 

Caldwell Co., George A. 

Hays Mfg. Co. 


xxi 
-Following front cover 
Following front cover 


‘Following front cover 
Following front cover 


Back cover 

Following front cover 
iii 

Following front cover 


- Following front cover 
Smith Mfg. Co., Th s Following front cover 
TANKS, STEEL. 


Pittsburgh-Des Moines Stee! Co. 
TAPPING SLEEVES. (See Sleeves and Valves, Tappings.) 
VALVE BOXES. 

Bingham & Taylor Corp. 

Caldwell Co., George A. 

Eddy Valve Co. 

Hileo Supply 

Kennedy Valve Mfg. Co 

Mueller Co. 

Pierce-Perry Co. 

Pipe Founders Sales rp. 

H. R. Prescott & Sons, Inc. 

Public Works Supply Company 

Smith Mfg. Co., The A. P. . 

Supply Corp. 


VALVES. BUTTERFLY. 


AND GATE 
Mills Engineering Co., In Zs xvi 
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ADVERTISEMENTS. 


reliable 
material 


Where installations are planned for 
long-term service to assure low cost per 
service year, water works engineers rely 
on cast iron pipe as a dependable and 
adaptable material. Consequently, it is 
specified for a wide variety of applica- 
tions, both utility and industrial, includ- 
ing water supply, sewerage, fire protec- 
tion, process industries and many forms 
of special construction. Long life and 
low maintenance cost are proved results 
of the high beam-strength, compressive- 
strength, shock-strength and effective re- 
sistance to corrosion of cast iron pipe. 
Cast Iron Pipe Research Association, 
Thos. F. Wolfe, Managing Director, 122 


* ales Cast iron water main still function- 
So. Michigan Ave., Chicago 3, Ill. ing in Becton after a century of 
service. 


(CAST IRON PIPE 
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Ball-and-socket joint cast iron pipe for water main crossing river. ¥ 
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ADVERTISEMENTS. 


Giant crops of microscopic algoe...rich in vital food elements... 
grown under the sea to help feed o hungry world. Scientists say it will come. 


100 years from now...WE'LL “FARM" THE SEA 
TO FEED A HUNGRY WORLD! 


Hard to imagine. But in the fabulous world of tomorrow, 
there'll be one familiar note: water and gas will still be 
carried by the dependable, cast iron pipe laid today. Over 
sixty American cities still use cast iron water and gas mains 
acentury and more old. And today, U.S. Pipe...centrifugally 
cast and quality-controlled from mines to blast furnaces to 


finished product...is even tougher, stronger, more durable. 


U.S. Pipe is proud to be one of the leaders in a forward- 
looking industry whose service to the world is measured 
in centuries. 


U. 8. PIPE AND FOUNDRY CO., General Office: Birmingham, Alabama 


A wholly Integrated producer from mines and biast furnaces to finished pipe. 
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The Journal of the 
New England Water Works Association 


is a quarterly oa aa containing the papers read at the meetings, together 


with reports of the discussions. Many of the contributions are from writers of 
the highest standing in their profession. It affords a convenient medium for the 
interchange of information and experience between the members, who are so 
widely separated as to find frequent meetings an impossibility. Its success has 
more than met the expectation of its projectors; there is a large and increasin, 
demand for its issues, and every addition to its subscription list is a sabia 
aid in extending its field of usefulness. 

All members of the Association receive the JourNAL for three dollars per 
annum which sum is included in their annual dues; to all others the subscrip- 
tion is four dollars per annum. 


TO ADVERTISERS 


‘THE attention of parties dealing in goods used by Water Department is called 
to the JouRNAL OF THE New ENGLAND Water Works ASSOCIATION as an 
advertising medium. 
Its subscribers include the principal Water Works ENcINEERS AND Con- 
TRACTORS in the United States. The paid circulation is 1,200 copizs. 


Being filled with original matter of the greatest interest to Water Works 
officials it is PRESERVED and constantly REFERRED TO BY THEM, and 
advertisers are thus more certain to REACH BUYERS than by any other 
means. 

The JouRNAL is not published as a means of revenue, advertising being in- 
serted solely to help meet the large expense of publication. 


ADVERTISING RATES 


One Issue Four Issues 


Size of page 4% x 7% net. 
A sample copy will be sent on application. 
For further information address the Advertising Agent 


Mrs, Auice R. MELROSE, 
73 TREMONT STREET, 
Boston 8, MASSACHUSETTS 
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COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping trenches”—Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 
charges. 

Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 
Girard Trust Company Building — Philadelphia, Penna. 
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